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abstract 

Thia  report  la  a  Clano  II  Research  document  which  contains  Information 
to  assist  the  preliminary  and  conceptual  design  engineer  in  selecting  and  design¬ 
ing  a  variety  of  missile  Joints,  Including: 

Payload  Stage  Assembly  and  Separation  Joints 
Booster  Stage  Assembly  and  Separation  Joints 
Mluclle  Carrier  Interface  Joints 

In  additis>n,  information  on  denign  considerations  and  system  require¬ 
ments  are  included  to  assist  the  engineer  la  Staking  his  concept  choice  and 
Justifying  its  applicability  and  feasibility. 


KXY  WORDS 


Missile  Joints 


Primary  Structure 
Booster  Staging 
Assembly 


Joint  Seals 


Model  Vehicles 


Shim  Joints 


Payload  Separation 
Accent  Cover 


Feb 2 Lcation 


Motor  Car.es 


Fiberglass 

Minuteraun 


Saturn 


aiJfi'Rlb!JT0H3 


W .  Fukuyama 


W.  Hoke 


R .  Thompson 
W.  Gouge 


W.  B.  Martin 


H.  L.  Gross 


R.  V.  Cambrel 1 


J.  .5.  Hurbaugh 


SHEET  5^ 


U  »  4*0t  1414  n  l  V  ,  «-*» 


COMPANY 


tNI 


{  ‘ 


NUMBER  D?-U$91U1 

REVITR  ^ 


LIMITATIONS 

Initial  Release.  Document  to  be  distributed  to  the  Defense  Documentation 
Center  (DDC).  Each  transmittal  of  this  document  outside  the  agencies  of  the 
U.  S.  CJovernroent  must  have  prior  approval  of  The  Boeing  Company. 


This  document  is  controlled  hy  Development  __Deslgn,  Org.  2-5166 


AH  revisions  to  this  document  shall  be  approved  by  the 
above  noted  organization  prior  to  release. 


U1  4101  <411  ftev  S/64 


SHEET  3 


:?3S 

3 


USE  FC»  TYPEV.RITT  EN  MATERIAL  ONLY 


NUMBER  '••WW 

RFV  UR  A, 


TABLE  OF  CONTENTS 

PARAGRAPH 

PAGE  , 

TITLE  PAGE 

1 

ABSTRACT  AND  KEY  WORDS 

2 

LIMITATIONS 

3 

TABLE  OF  CONTENTS 

4 

i  .0  IFTTRCnUCTTON 

6 

p.u  payload  stage  joints 

( 

?.I  ASSEMBLY  JOINTS 

*7 

t 

.1  PAYTAA0 

7 

2.1 ASCENT  COVER 

1 3 

SEPARATION  J-o ms 

l  \ 

i  .. 

2  .  1  PAY1.0AD 

.1 l. 

;  .s.s  as  chirr  cover 

2.0 

3.0  SOOOTER  S.'LiOB  -JOISTS 

or; 

r  y 

j.l  A33Ef<ELY  JOINT i 

C5 

.M,l  INTERSTAGE  OR  BOOSTER  ADAPT-uS" 

Of> 

3.1..  MJ.O-BCLY  OR  MIL-I  N^.hRSTAGE  RINGS 

j  r  * 

./*•- 

3  SEPARATION  jours 

3.0.1  STAGING  RINGS 

3(5 

3 . 1 .  ?  longitudinal  joints 

42 

30  CONCEPT  VARIATIONS 

4"> 

4.0  SMALL  WJ 3"IL2  JCTNT. 

4.1  AGH-b&A  JOINT’  DESIGN 

u 

A . T  JELBCTaD  SMALL  MISSILE  JCTST! 

St 

is  THE  JOINT  SELECTION  t’HXESo 

33 

4.4  A  CONCEPTUAL  MISSILE  JOINT 

% 

LSE  ri 


NUMBER  DMA59U-1 
REV  UR  K 


TABLE  CF  COWrSMTG  fCont'dl 


PARAGRAPH 


‘'.o  DESIGN  CONSIDERATIONS 


5.1  ORDNANCE  SEPARATION 


5 .1.1  TYF ICA.r ,  ORDNA NCE  T BA  ITJ 
‘5,1 .?  TVPlC.iL  ORDNANCE  COMPONENTS 
5.?  JOIST  TRADES  EXLACJSS 
5  0  5£ALI!!G  JOINTS 

6.0  JOINT  DESIGN  YOU  L\ROF  CEMENTED,  FILAMENT 
WOUND  MOTORCA3EJ 

6.1  MOICR&iSE  CONCEPTS  CONSIDERED 

RECENT  STATS-OF-WiA-ART  DLYfiLOPWaiTa  IN 
SHIM  JOIN!  CONCEPT 

7.'.  JOINT  CONSIDERATIONS  FOR  REDUCED  SCALE 
MODEL  VEHICLES 

ft.o  ddcuksnt  optic  i?  for  future  work 


USE  FOR  TYPEWRITTEN  MATERIAL  ONLY 


NUMBER  D?-125$SU-l 

REV  UR  a 


1.0  INTRODUCTION 

This  document  was  prepared  to  compile  an  abbreviated  source  of 
design  Information  useful  to  the  preliminary  or  conceptual  design  engineer. 
The  intent  is  not  to  present  methods  with  which  an  engineer  can  design 
structural  interface  Joints  on  missiles,  but  to  assemble  in  one  document, 
a  cross-section  of  state-of-the-art  designs. 

It  Is  recognized  that  a  design  engineer  can  arrive  at  a  feasible 
design  of  a  missile  joint  with  no  assistance.  However,  this  takes  a 
certain  amount  of  time  depending  on  the  type  of  Joint  and  its  use.  The 
engineer  must  Investigate  the  loads,  environment,  cost,  etc.,  or  else  he 
must  initiate  a  literature  search  to  see  what  similar  Joint  has  been  used 
successfully  in  the  past.  With  thin  document  a  designer  will  he  able  to 
select,  a  feasible,  proven  Joint  design  using  only  gross  loads  and  environ¬ 
ment  data.  This  is  usually  sufficient  for  preliminary  or  conceptual 
design  work  since  loads  and  environment  data  are  usually  estimates,  at 
this  stage. 

The  format  of  the  document  has  been  prepared  to  facilitate  this 
task  as  much  as  possible.  For  each  joint  a  sketch  is  given  with  dimensions 
if  possible,  the  loads  to  which  the  Joint  Is  designed  and  the  environment 
to  which  the  Joint  will  be  subjected  are  summarized.  Also,  a  short  written 
description  and  project  use  Is  provided  to  give  information  on  vhat  typ* 
of  use  the  Joint  might  b**  applicable.  Finally  references  are  stated,  If 
available,  which  will  allow  the  designer  to  teareh  for  additional  detail 
material. 
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•Stilt  section  covers  the  variety  of  structural  Joints  '  '  >  (1) 

attach  the  payload  to  the  booster,  (2)  separate  the  payload  from  :  ■  ■■  i-ooa t»>r, 
(3)  attach  the  payload’s  ascent  cover  to  the  payload  or  booster  and  (4) 
separate  the  ascent  cover  in  flight. 


Figure  2-1  schematically  ehovs  the  typical  location  of  the  four 
types  of  Joints  on  a  payload  stage .  It  should  be  referred  to  as  a  guide  to 
a  specific  type  of  Joint.  It  is  not  intended  that  a  given  application  require 
all  of  the  indicated  Joints  or  that  they  be  located  as  shown.  For  example, 
certain  ascent  covers  have  "Over-the-top"  removal  and  hence  have  no  longi¬ 
tudinal  separation  Joint.  Or,  separation  and  assembly  Joints  iray  be  integrated 
into  one  structural  Joint.  For  clarity,  all  Joints  are  shown  here  as  separate 
items  for  reference  on  Figure  2-1. 

2.1  ASSEMBLY  JOINTS 

Biese  Joints  serve  to  provide  fie! d  attachment  of  the  payload  to 
the  booster  or  the  ascent  cover  to  the  booster.  The  Joint  m ay  or  may  not  be 
Integral  with  the  separation  Joint.  If  it  is,  a  cross  i-tfcrence  to  that 
particular  Joint  in  Section  2.  mate. 


2.1.1  PAYLOAD  ASSEMBLY  JOINTS 

These  Joints  are  shown  on  Figure  2-1  to  be  located  on  a  "puyloaa 
adapter,”  depicted  as  a  Irustrum  of  a  cone.  This  is  typical  of  satellite 
payloads  on  space  boosters  and  is  generally  applicable  to  cases  where  the 
payload  hat!  a  different  diameter .thun  the  booster.  Where  diameters  are 
nominally  the  same,  the  pay Load  may  be  attached  directly  ty  the  booster  *nd 
this  Joint  my  be  quite  similar  in  appearance  to  booster  interstage  Joints. 
Both  types  are  shown  in  this  sect ion. 
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2.1.1  (Cont'd) 

Frequently  the  post  boost  vehicle  incl'de,,  multiple  'ratruniHnta*  ion 
packers  wafer*  (Reference  Figure  ?-?) .  Tbe«e  may  be  assembled  essentially 
by  repeating  the  be  isle  lap  Joint.  ct  rucVor'  ah  required  by  the  number  of  pe^bu^cs  ■ 
to  be  assembled  (Reference  Figure  2.1  .1-2’!. 

”  • 1  ■ 1  • 1  FAYr.OAP  A.5SEMBI  Y  JOINT  (?Tr,.  p.i.i-il 

The  Joint  shown  schematically  or  Ftgu-e  2,1.1 -l  ser/eg  the  dual 
purpose  of  assembly  and  separation .  A  tension  baud  Is  fitted  over  the  interface 
of  the  butted  flanges  of  t^e  sections  to  b<*  Joined.  ?»-•  bend  is  drswr.  tight  by 
«  tumbuckle  arrangement  which  is  o]  so  on  explosive  device,  '^en  actuated,  the 
explosive  dcvico  releases  th“  band,  permitting  the  sections  to  aepurate.  Similar 
devices  were  used  on  Miuuteaan  and  at  the  sens  rati  nr.  plane  of  the  Burner  IT  payload. 
Examples  in  more  detail  »-e  showu  on  Figures  3-3-2  through  J.’.-i, 
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Figure  2-1  locates  these  Joints  at  the  intersection  of  the  booster 
and  payload  adapter.  Another  common  location  is  direct  attachment  to  the 
payload  itself.  Others  will  become  apparent  as  the  engineer  encounters 
different  applications.  The  conditions  of  interest  are  how  much  of  the  payload 
need  he  exposed  or  covered  at  different  phases  of  the  mission,  how  much 
protection  can  be  ocquired  by  dual  purpose  structure  (integrating  the  ascent 
cover  «s  part  of  the  payloads  primary  structure),  and  the  desire  to  discard 
as  much  weight  as  curly  in  the  mission  as  possible.  Joints  applicable  to 
many  situations  arc  covered  in  this  section. 

2. 1.2.1  COVER  (SHROUD)  ASSEMBLY  JOIffT  (FIC,  E.l.g,?) 

Assembly  of  an  instrumentation  package  to  the  shroud  is  accomplished 
by  this  Joint  in  Mlnuteman  III.  It  uses  overlapping  rings  on  the  mating 
sections  which  ate  held  by  the  shroud  clamp  strapped  in  tension  around  the 
outside  ring.  An  ordnance  device  coupled  to  a  system  of  cams  *•  fired  to 
release  the  tension  and  permit  section  separation. 
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2 .2  SEPARATION  JOINTS 

The  separation  Joints  described  in  this  section  provide  inflight 
release  of  the  payload  or  the  accent  cover  from  the  missile.  The  Joints  may 

be  part  of  Integral  Joints  combining  the  function  of  assembly  and  release, 

in  vhlch  case  a  cross  reference  to  /&SEMBLY  JOINTS,  Section  2.1  will  normally 
be  made . 

2.2.1  PAYLOAD  SEPARATION  JOINTS 

These  Joints  are  commonly  located  as  shown  in  Figure  2-1  or  at  the 
booster  interface.  The  latter  type  is  not  shown  here.  In  some  cases,  additional 
mechanisms  (springs,  ordnance  thrusters,  etc.)  are  used  for  separation  impulse. 
These  will  not  be  discussed  in  this  document  and  mention  will  be  made  only 
when  necessary  to  show  clearance  or  functional  association  with  the  Joint. 

2.2. 1.1  BALL  LOCK  EJECTION  MECHANISM  (FIQ.  2-2 .1-1) 

Tfcis  Joint  Incorporates  u  commercially  available  ball  locK.  into 
a  device  to  retain,  release,  deploy  and  spin  a  payload.  Energy  is  supplied 
by  springs  and/or  ordnance  devices-  TYie  payload  ie  designed  to  accommodate 
the  selected  mechanisms. 

Compensation  for  platform  reactions  induced  by  the  spin  thrust 
mechanism  Is  necessary. 
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2.2.2  ABC EFT  COVER  SEPARATION  JOINTS 

Two  types  of  Joints  are  Indicated  In  Figure  2-1,  the  circumferential 
and  the  longitudinal  Joint.  The  longitudinal  Joint  is  not  always  used,  depending 
on  the  mode  of  ascent  cover  deployment.  Both  types  of  device  are  ehovn  In  this 
section.  Comments  of  section  2.2.1,  PAYLOAD  SEPARATION  JOINTS,  also  apply  here. 

2.2.2. 1  NOSE  CONE  SEPARATION  JOINT  (FIG.  2.2. 2-1) 

This  detail  is  of  a  Joint  used  to  separate  the  nose  cone  of  the 
HiBEX  missile  and  thereby  provide  a  high  drag  blunt  nose  exposure  to  the  air 
stream. 

Cie  Joint  is  an  uncomplicated  design  similar  in  many  respects  to  a 
fabrication  Joint  -  two  skins  are  butted  together  and  bolted  using  bolt*  and 
nut  plates.  The  separation  is  done  with  a  linear  shaped  charge  which  expends 
its  energy  primarily  In  one  direction,  in  this  case  outward,  to  cut  the  nose 
cone  ahln.  This  impulse  is  sufficient  to  make  the  physical  break  but  not  to 
effect  total  separation.  To  do  tills,  a  gas  generator  and  thruster  is  used 
to  "blow*1  the  two  pieces  apart. 

Pbr  additional  details  of  the  ordnance  used,  refer  to  section  ‘>.1. 

2  .2 . 2 .2  LONGITUDINAL  COVER  SEPARATION  JOINT  (FIG.  2.2.2- 2) 

This  Joint  is  a  design  concept  de /eloped  as  part  of  an  ascent 
shroud  study  using  Burner  II  design  load  requirements.  The  Joint  provides 
longitudinal  separation  of  the  shroud  followed  by  separation  and  clow  off 
along  the  hinge  line- 
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Shit  Joint  la  part  of  a  heat  shield  eeparatlon  ays  tea  which  constate 


of  ilx  pine  along  each  of  two  separation  lines  located  180*  apart  on  a  longi¬ 
tudinal  plane  separating  two  halves  of  the  heat  shield.  Pyrotechnic  thrusters 
pull  the  pins  through  a  system  of  aluminum  straps .  The  Dovetail  Joint  along 
the  edges  of  the  two  halves  provides  ring  bending  continuity  between  the  pinned 
Joints  which  in  turn  provide  ring  bending  shear  and  normal  force  continuity. 
Muting  sawtooth  plates  at  each  pinned  Joint  provide  beam  shear  continuity  between 
the  heat  shield  halves.  (See  Dwg  Reference,  Pig.  2. 2. 2-3) 
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3-0  BOOSTER  STAGE  JOINTS 

This  section  Includes  the  variety  of  structural  Joints  designed  to 
(0  enable  the  assembly  and  disassembly  of  missile  segments  for  purposes  of 
manufacture,  transportation  and  maintenance  in  the  field  and  (2)  enable  the 
staging  separation  necessary  for  the  missile's  mission  flight  profile . 

Figure  3-1  schematically  shovs  the  typical  location  of  the  Joints 
on  a  missile  booster  sequent  and  interstage.  Ibis  is  representative  of  any 
stage.  It  is  not  intended  that  a  given  application  require  all  of  the  indicated 
Joints  or  that  they  be  located  as  shown.  As  an  example,  an  inflight  separation 
function  and  a  field  Joint  may  be  integrated  into  a  single  structural  Joint. 

For  clarity,  all  Joints  are  indicated  as  separate  items  on  Figure  3-1 . 

3-1  ASSEMBLY  JOINTS 

Bie  assembly  Joints  described  in  this  section  are  those  used  to 
connect  segments  of  the  booster  to  each  other,  through  interstages  or  not. 

Wile  connection  might  be  purely  a  shop  fabrication  assembly  or  it  might  be 
a  field  operation  done  many  times.  The  Joints  may  be  integral  Joints  as  in 
payload  stages.  If  so,  cross  referencing  ie  done. 

3-1.1  INTERSTAGE  OF  BOOSTER  ADAPTERS 

This  section  covers  the  assembly  Joints  made  between  one  booster 
stage  and  smother,  usually  through  an  interstage  The  Joints  are  usually 
referred  to  as  "adapter  rings"  and  ecw-:r>nly  form  the  interface  between  two 
manufacturers  (Reference  Fig.  2-3  These  rings  may  be  purely  assembly  or 
may  be  integrated  with  a  separation  Joint  if  the  location  is  one  where  staging 
is  desirable.  Both  types  are  covered  here. 


SHEi  :  r— 


t-1  .*  v»0?  *  .  M  r  f  V  . 


fur 


C  A  NiV 


NUMBtR  D2-1259M-I 

rev  hr  a 


3«1 .1 .1  Intcratagg  Adapter  Assembly  Joint  (Fig  3 *1.1-1) 

This  Joint  detail  is  a  section  through  a  circumferential  Joint 
used  on  the  Minuteman  missile.  The  dimensions  given  are  typical  of  the 
Stage  1  -  Stage  2  interstage  as  are  the  diameter  and  cross  section  area.  The 
ring's  characteristic  shape  is  also  typical  of  the  Stage  2  -  Stage  3  interstage 
on  Minuteman.  Fbr  reference,  the  numbers  in  parenthesis  pertain  to  that  ring. 

The  ring  is  a  dual  purpose  Joint  It  permits  both  field  assembly 
and  fabrication  assembly  in  the  shop.  It  also  functions  as  an  i:. flight 
separation  Joint  (Ref.  Section  3*2.1.!). 

Two  bolt  circles  are  provided  in  the  Joint,  both  to  be  used  with 
bolt-nut  plate  combinations.  The  lower  bolts  are  primarily  fabrication 
fasteners  and  are  bached  with  standard  nutplates .  The  upper  bolts  are  for 
field  assembly  and  disassembly  and  are  backed  with  floating  nutplates .  Cork 
plugs  are  commonly  used  to  replace  insulation  removed  during  disassembly  • 

Structurally,  the  main  ordnance  carrying  ring  is  not  the  primary 
load  carrying  member  Compression  loads  are  reacted  by  a  butting  together 
|  of  the  J -iters tuge  SKins,  tension  loads  by  the  tension  tie.  The  Joint  is 

i 

i 

designed  to  react  all  boost  flight  loads  an  veil  as  silo  overpressure 

31.1.2  Interstage  Adapter  Assembly  Joint  (Fig.  3  1 . 1 -2 ) 

This  Joint  is  designed  for  assembly  of  hi*  Interstage  (or  other 
structure  such  a3  a  test  module)  or.  top  of  a  booster  stage.  The  assembly 
operation  may  be  done  in  the  manufacturing  facility  or  the  field.  The  ring 
is  typical  of  that  used  or  the  Minuteman  (F-Missile)  program  to  Join  the 
Autonetics  Guidance  and  Control  module  to  the  third  booster  stage. 
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The  ring  itself  is  riveted  to  the  interstage  structure  end  forme 
an  integral  components  The  assembly  operation  is  done  then  by  means  of  the 
bolts  and  nutplates  shown.  Nuts  may  be  used  instead  of  nutplstes,  depending 
on  the  accessibility  and  ’’dropped -nut”  considerations.  Cork  plugs  are  commonly 
used  to  replace  any  insulation  removed  during  disassembly. 

The  joint  is  designed  to  retain  its  structural  integrity  throughout 
boost  flight  loads  rr.d  silo  overpressures. 

3. 1.1. 3  STAGE  TO  STAGS  ASSEMBLY  JOINT  (FIG.  3. 1.1-3) 

This  detail  is  a  section  through  a  circumferential  joint  used  on 
the  HiBEX  Missile.  It  is  used  to  assemble  the  upper  stage  instrumentation 
package  to  the  booster.,  The  assembly  operation  could  take  place  either  in 
the  fabrication  facility  or  a  munitions  field  facility. 

The  ring  is  riveted  to  the  lower  missile  stage,  which  is  made  of 
fiberglass  in  this  application.  The  upper  stage  is  attached  with  bolt-nutplate 
combinations.  The  Joint  is  designed  to  resist  extremely  high  boost  acceleration 
loads. 
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These  Joint*  are  almost  entirely  u*«t  Integrally  with  a  staging 
separation  Joint.  Their  purpose  is  to  assemble  the  staged  segments,  usually 
in  a  fabrication  environment.  '  • 

3 . 1  «2 . 1  Interstate  A***nibly  Joint  (Fig.  3. 1.2-1) 

,v  • 

.This  joint  detail  is  a  section  through  a  circumferential  joint  used 
on  the  Minuteman  missile.  The  dimensions  given  are  typical  of  the  Stage  1  - 
Stage  2  interstage ... 

The  ring  is  a  dual  purpose  joint.  It  permits  both  field  assembly 
and  fabrication  assembly  in  the  shop.  It  also  functions  as  an  Inflight 
staging  Joint  (Ref.  Section- 3*2*1 *2). 

Two  bolt  circles  are  provided  in  the  Joint,  both  to  be  used  with 
bolt-nut  plate  combinations.  The  lower  bolts  are  primarily  fabrication  fastenSr6 
and  are  backed  with  standard  nuts.  The  upper  bolts  are  also  fabrication 
assembly  fasteners  but  are  backed  with  floating  nutplate*. 

Structurally,  the  main  ordnance  carrying  ring  is  not  the  primary 
load  carrying  member.  Compression  loads  are  reacted  by  a  butting  together  of 
the  interstage  skins,  tension  loads  by  the  tension  tie.  The  Joint  is  designed 
to  react  all  boost  flight  loads  as  well  as  silo  overpressures. 
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3. 1.2-2! 


This  Joint  detail  is  a  section  through  a  circumferential  Joint  used 
on  the  Minutetrvin  missile.  The  dimensions  given  are  typical  of  the  Stage  2  - 
Stage  3  interstage. 
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3-2  SEPARATION  JOISTS 

Described  in  this  section  are  the  variety  of  joints  designed  to 
provide  Inflight  staging  of  a  missile  booster-  This  la  the  mechanism  which 
separates  a  burned  out  motor  from  the  remaining  "live"  booster  stages.  It  also 
may  separate  an  interstage  structure  from  an  associated  motor  case.  As  in 
most  of  the  other  Joints  described  in  this  document,  these  joints  may  be  part 
of  integral  joints  combining  other  functions.  When  this  is  the  case,  cross 
referencing  to  appropriate  sections  vill  be  made . 

3.2.1  STAGING  RINGS 

These  rings  function  to  either  "stage"  an  expended  booster  segment 
from  an  unexpended  one  or  to  separate  an  interstage  from  a  booster-  Figure  3— * 
shows  typical  locations  for  this  type  of  joint  In  some  instances  they  are 
used  in  conjunction  with  longitudinal  joints  to  separate  and  segment  an  inter¬ 
stage.  This  is  covered  in  more  detail  in  Section  3-2.2. 

3 .2 . 1 . 1  Interstate  Adapter  Booster  Skirt  Removal  Joint  (Fig.  3-2. 1-1) 

This  Joint  detail  Is  a  section  through  a  circumferential  Joint  used 
on  the  Minuteman  missile.  The  dimensions  given  are  typical  of  the  Stage  2  - 
Stage  3  interstage  as  are  the  diameter  and  cross  section  area-  The  ring's 
characteristic  shape  is  also  quite  typical  of  the  Stage  1  -  Stage  2  interstage 
on  Minuteman - 

The  ring  is  a  dual  purpose  Joint.  It  provides  the  inflight  inter¬ 
stage  skirt  removal  function,  working  in  conjunction  with  the  longitudinal 
Joint  similar  to  that  described  in  Section  3-2-2. 1.  It  also  functions  as  a 
field  assembly  Joint  (Ref.  Section  3. 1.1.1).  The  seal  restricts  transfer  of 
hot  gas  into  the  III  stage  motor  area- 
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Hie  separation  irupulse  to  provide  the  required  function  comes 
from  a  linear  explosive  charge .  Ihe  ring  is  designed  to  contain  any  particle 
fragmentation  from  this  charge.  This  function  is  enhanced  by  the  use  of  a 
rubber-like  material,  PR-lyiG  (BUS  5-62)  which  can  contain  small  fragments. 

The  primary  function  of  the  material  hovever  is  to  absorb  much  of  the  shock  of  the 
explosion . 

Structurally,  the  main  ordnance  carrying  ring  is  not  the  primary  load 
carrying  member.  Compression  loads  arc  reacted  by  a  butting  together  of  the 
stage  skins,  tension  loads  by  the  tension  tie.  The  Joint  is  designed  to  react  " 
all  boost  flight  loads  as  veil  as  silo  overpressures. 

For  additional  details  on  the  ordnance  used  in  this  Joint,  refer  to 
Section  5.1 . 

3.2.1 .2  Booster  Staging  Joint  (Fig.  ?. 1.3-1} 

This  joint  detail  is  a  section  through  a  circumferential  Joint  used 
on  the  Minuteittin  missile.  The  dimensions  giver:  are  typical  of  the  Stage  1  - 
Stage  2  interstage • 

'ftte  ring  is  a  dual  purpose  Joint.  It  provides  the  inflight  booster 
staging  function,  separating  the  upper  stage  from  the  expended  stage.  It  also 
functions  as  an  assembly  joint  (Ref.  3-t-^-O- 

Hi®  separation  impulse  to  pi -vide  the  required  function  cones  from 
a  linear  explosive  charge.  Hie  ring  is  resigned  to  contain  any  particle  fragmental- 
tion  from  this  charge  by  the  use  of  a  rubber-like  material,  FK-I9I0  (BUS  5-62) 
which  can  contain  small  fragments.  The  primary  function  of  the  material  however 
is  to  absorb®  much  of  the  shock  of  the  explosion. 
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Structurally,  the  nsuin  ordnance  carrying  ring  is  not  the  prin&ry 
load  carrying  member.  Compression  louds  ax-e  reacted  by  a  butting  together 
of  the  stage  skins,  tension  loads  by  the  tension  tie.  Ihe  Joint  is  designed 
to  react  all  boost  flight  Loads  as  veil  as  silo  overpressux*es . 

For  additional  details  on  the  ordnance  used  in  this  joint,  refer  to 
Section  5.1. 

3 ... •  t .  j  ■  Booster  Staging  Joint  (Fig.  3.1.f-d  ) 

This  Joint  detail  is  a  section  through  a  circumferential  Joint 
used  on  the  Miriuteraan  missile.  The  dimensions  given  are  typical  of  the 
Stage  2  -  Stage  3  interstage . 

The  ring  is  a  dual  purpose  joint.  It  provides  the  inflight  booster 
staging  function,  separating  the  upper  stage  from  the  expendeo  stage.  It 
also  functions  as  an  assembly  joint  (fief.  3 .1.2.2). 

The  separation  impulse  to  provide  the  required  function  comes  from 
a  linear  explosive  c  irge.  The  ring  is  assigned  to  contain  any  purticul 
fragmentation  from  this  charge  by  the  use  of  a  rubber-like  material,  PR-19'O 
(BMS  5"6^)  which  can  contain  small  fragments.  The  primary  function  of  the 
material  however  is  to  absorb  much  of  the  shock  of  the  explosion. 

Stx-ucturally ,  the  main  ordnance  carrying  ring  is  not  the  primary 
load  carrying  member .  Compression  loads  are  reactea  by  a  butting  together 
of  the  stage  skins,  tension  loads  by  the  tension  tie.  The  joint  is  designed  to 
react  all  boost  flight  loads  us  well  as  silo  overpressures. 

For  additional  details  on  the  orvuiance  used  in  this  Joint,  refer  to  Section  *> .  1 . 
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5.2.2  LONGITUDINAL  JOINTS 

These  Joints  are  used  to  separate  an  interstage  or  other  missile 
segment  into  a  number  of  sections  for  removal  from  the  booster  in  flight. 

They  are  longitudinal  rather  than  circumferential  and  usually  function  with 
a  circumferential  Joint  (Ref.  Fig.  3-1  and  Section  3*2.1 ). 

No  distinction  is  made  in  this  section  between  separation  and 
assembly  Joints.  These  Joints  have  one  primary  function  which  is  separation. 

They  must  be  assembled,  of  course,  but  this  is  differentiated  from  the 
assembly  Joints  discussed  elsewhere  since  they  are  used  to  assemble  missile 
sections,  not  joints. 


This  joint  is  typical  of  those  used  on  the  Minutemun  missile 
to  split  both  the  Stage  1  -  Stage  2  and  the  Stage  2  and  Stage  3  interstage. 

It  is  used  in  conjunction  with  the  circumferential  separation  joint  discussed 
in  Section  3*2.1  .J.  The  dimensions  given  are  the  same  as  both  interstages, 
the  only  difference  being  the  Joint  length.  Numbers  in  parenthesis  pertain 
to  the  Stage  2  and  Stage  3  interstage. 

The  Joint  works  simultaneously  with  the  skirl  removal  Joint  which 
separates  the  skirt  from  the  upper  booster  stage .  nt  the  same  time, the  skirt 
is  split  into  four  sections ,  effecting  both  the  axial  removal  from  the  path 
of  flight,  and  the  racial  removal  for  clearance.  T^e  separation  impulse 
providing  this  function  comes  from  a  linear  explosive  charge.  The  riiif  is 
designed  to  contain  any  particle  fragmentation  with  the  rubber-like  maleriil, 
PR-1910  (BMS  5-62). 
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3.3  CONCEPT  VARIATION.! 

The  Joint,  concept  Illustrated  on  Figure  1  1-0  wff  the  .'Inal 

oonfiguratJ on  of  several  consider*'!  >*y  structures  Organisation  (2»6U3‘-) 

for  the  Stage  ITT  ro  PBPS  ;epe ra *•  Ion  Joint  ‘"»r  Mlnutenan  JTI.  Variation*  of  this 
fine],  design  ( referenced  abov*)  hn\*e  beer  uund  elsewhere  on  Mlnstown  ITT 
(Ref.  Fig.  P-3)  and  to  Assemble  the  first  and  n«  ;ond  a  to  go  *  oflflBEX. 

Til'*  concepts  which  precede!  the  above  chol’:«-'  w**re  eonreived  83  solution* 
‘o  the  •same  d«dt^i  r  ’ijul reroonts  •  Tho,e>  concept'-  are  presented  her**  Ivs n.u  ;9  they 
Illustrate  the  '-nri  ,'d  npp roach  to  ml  •  «il.c  Joint  lesl.gr,  and  l.oca\i..c  euefc  Joint, 
i'F.en  aeparal.c.l.'v,  p-O'Mcier.  v>n'»Vl*'  -.."to,  *ia  of  Join4  .1;> -tgn  tnd  .?.-?! go  deti.tl. 
Although  tn*1  e^uluatloi  o'*  cu'h  Joint  provided  hc**'Mr  j.c  1i:  r*’ .■  p on '  c  to  i\ 

^  nppll •.•nt.lon,  it  r  rovlde*.  information  u  n*rul  to  the  dn«1^»er  which  li> 
pertinent  to  eny  application  for  which  t,h<*  Jclnt  night  be  eon  njr'.er  , 
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SMALL  MISSILE  JOINTS 

To'  facilitate  the  task  of  the  desigtaer  whose  joint  concept*  application 


ia  limited  to  the  non-strategic  missile 3 ,  this  section  is  restricted  to  joint 
designs  for  ales ilea  of  46  inch  diameter  or  less. 

Because  so  much  of  the  total  effort  of  missile  design  involves  this  size 
range,  this  section  permits  the  designer  to  investigate  joint  concepts  related  by  “ 
design  loads,  function  and  environmental  considerations  similar  to  his  own  re¬ 
quirements  exclusive  of  the  larger  strategic  vehicles. 

A  look  in  greater  depth  than  usual,  is  taken  at  the  Joints  used  on 
AOM^69A,  both  because  it  represents  current  developments  in  the  state-of-the-art 
and  because  it  provides  an  overall  picture  of  an  approach  to  joint  design  as 
applied  to  a  particular  vehicle. 

Supplementing  the  AGM-69A  concepts,  are  representative  joints  used  on 
other  tactical  and  research  missiles. 

4.1  AGM-69A  JOUST  DESIGN 

The  AGM-69A  was  configured  into  four  sections  to  facilitate  manufacture, 
assembly  and  maintenance.  These  sections  are  the  Payload,  Guidance,  Propulsion 
and  Control  sections  (Reference  Figure  1.1). 

4.1.1  THE  PATLOAD  SECTION 

This  section,  of  monocoque  construction,  is  provided  a  circumferential 
ring  at  each  of  three  separation  Joints.  Its  structural  parts  are: 

1.  Impact  Fuse  Body 

2.  Forward  Nose  Shell 
3*  Warhead  Section 

4. 1.1.1  IMPACT  FUSE  BODY  JOINT  (Figure  4.1.1-i) 

Trie  Impact  Fuse  Body  interfaces  with  the  Forward  Nose  Shell .  The  aft 
end  of  the  fuse  body  has  external  interrupted  threads  to  permit  installation  and 


removal  from  the  Forward  Rose  Shell  by  rotating  the  impact  fuse  a  quarter  turn. 
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the  forward  end  of  the  Forward  Rose  Shell  is  a  steel  ring  Resigned  to 
accept  the  impact  fuse  interrupted  threads.  The  ring  is  assenfclod  to  the  shell 
using  a  sealant  on  the  faying  surfaces  and  fastened  with  nonel  rivets  installed 
using  a  wet  priaer.  ,  A  nylon  insert  is  installed  in  a  longitudinal  groove  in  the 
steel  ring  for  locking  the  impact  fuse . 

The  joint  is  sealed  by  means  of  a  synthetic  rubber  O-ring  located  in  an 
annular  groove  provided  at  the  base  of  the  fuse  body.  Fuse  body  is  torqued  to 
96  to  110  inch  pounds . 
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IMPACT  FUGE  BODY  JOINT 
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Figure  4. 1.1-1 
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1?)  Shall,  Rose  section 
(25A28299-101-11) 

2  }  Monei^  Rivet  (8  places) 

3  JBepsct  Fuse  Body 
(20A11U11-130-11) 

kj  Front  Rose  Ring  Insert 
(26A135 36- 101-11) 

8"0”  Ring 

Radar  Absorber 
(25A24020) 

0  Forvard  Rose  Section  Ring 
(29A17189-101-11) 

(^8^) Collar,  Thermal  Rose  Cap 
(26A13566-101-11) 

(  9  )  Sealant 

ilO  )  External  Insulation 
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-  MATERIAL 

2024-0  Aluminum 
Qft-A-250/4 
H-T.  -T62 

16  20427  MS 

2024-T4  Aluminum 


General  Purpose  Nylon  6/6 
Per  L- P-410 
MS  28775-140 
Radar  Absorber 
STB  8-140 

•  4330M,  MIIr-S-8699 

Normalized  &  Tempered 
R.H.  C33  MAX 
H-T.  160-180  Ksi 

Reinforced  Phenolic  Molding 
BMS  8-72 

MIL-G-8802  or  BMS  5-44 

93-078  Silicone  Rubber 
W/7#  Quartz  Ricro  Crystals 
Dow- Co  min.  '  Oorp. 

£•  DESIGN  CONSIDERATIONS  -  Cri*.icaL  load  condition  is  terminal  maneuver  for 
limit  load 

a.  Bending  Stress  = 

b.  Shear  sir^as  -  5> 

Reference  D2AGM20l6?-l ,  Sheet  5070 
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U. 1,1,2  JULIA8T  SUPPORT  BUUCHEAl)  JOINT  (Fig.  1» .1.1-2) 

To  the  Inside  of  t!»  forward  flung*  of  tho  oireiwferentiHl  Forward 
Warhead  Ring  la  bolted  the  Ballast  Support.  Bulkhead  Ring.  Three  l/U  inch 
diameter  shear  bolt*  ere  aaseublud  through  the  bnilant  and  warhead  bulkhead 
flange#  only,  end  fifteen  nrr  aanemhled  through  the  uosa  section  ahell  as  well. 
JfUt  plates  are  riveted  to  the  inaide  of  t.h*  ballast  support  bulkhead  ring  to 
receive  the##  bolta.  About  the  ouUide  aurfrue  of  the  eft  flange  of  the  Forward 
Warhead  Ring,  is  riveted  the  Warhead  Section  Shell  using  2b  monel  rivets. 

Aecieaa  to  the  eighteen  bolt  fnetoner::  it  provided  by  u  plug  in  the  allicone 
innulution  over  tl*  bolt,  heads. 
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AGM-t>9A  Program 
DC  AGM20151-1,  Para.  4 .2.3 


Figure  A.l.l-C 
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^1^  Shall,  Warhead  Section 

s')  Rivet  (24  plaoes) 

SrT 

(  3  s) Ring,  Fwd  Warhead  Section, 
v  '  Station  34.70 
(25A29546) 

'4^  Rivet  (2  places) 

5)  100°  Reduced  Head  l/4"Bolt 
Si  nut  plate 

6^)  Rivet 


v.. 


\ 


7  /Ring,  Ballast  Support 
-*■'  Bullthcad 

O') Shell,  Hose  Section 


9^)  Sealant 

r* 

10  )  Silicone  Inaulution 
"~y  (p/N  to  be  added) 
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Sealant 


2024-0  Aluminum 
Qft-A-250/4 
I.T.  -TU7 

KB  20U-27M6 

707^-173  Alujttimim 
BMS  7-1 04  clean  III 


MS  20426DJ 

BAC  B30KL4  £>> 

HAS  10 t 144 

MS  20426D3,  2017 -T4 

Alai  1026,  Cold  Rolled 
Annealod  KEL-S-795S 

2024-0  Aluminum 
Qft- A- 250/4 
H.T.  -TOC- 

Eccoborxl  211 

93-078  Silicone  Rubber 
W/7$  Quartz  Micro: 'Cry a  tula 
Dow  Corning  Coro. 

MIL- S- 3802  or  BMS5-44 


B.  Design  Consideration  -  Noae  shell  sized  by  missile  ejection  condition  pro¬ 
ducing  the  following  ultimate  shell  loads: 

a .  4,350  lbs  transverse  shear 

b.  52,500  inch  pounds  bending  moment 

c.  150  in- lb  torsion  moment 

d.  33-6  psl  max  external  pressure 

e.  Design  temp.  260°  F. 


-6,  15  Req'd  (Through  3  ,  7  &  8) 

-5 7  3  Req'd  (Turough  3  &  7  only) 


Table  4.1-2 


*- Hf  l  (1 *jb 


?  4*0?  >4)4  R  f  V  .  M 


USE  EOR  TYPEWRITTEN  MATERIAL  ONLY 


CQMI»AM,» 


NUMBER  X>  4. -VtSfl  U$V 

REV  LTR  '  JK  ;fr:.  '  v  ^ 


4, 1.1.3  DOOBU5  TAPERED  SPUfflfc  JOINT  (Pigure  4.1.1- 3)'  . 

Biis  joint' was  designed  to  support  the  warhead  and  to  mechanically  • 
interface  with  the  missile  at  the  forward  end  of  the  electronics  section  by  means 
of  a  quick- disconnect  Joint.  The' joint  carries  the  loads  associated  with  :  support-' 
ing  the  aft  end  of  the  warhead .  In  addition  it  satisfies  the  design  considera¬ 
tions  shown  on  Figure  4. 1.1-3* 

This  joint  configuration  uses  internal  involute  splines  to  transfer 
shear  and  torsion  loads  to  matching  external  involute  splines  of  the  forward 
Electronics  Section.  Axial  loads  are  transferred  by  removable  circumferential 
splines  which  seat  themselves  in  an  annular  groove  formed  after  the  Payload 
Section  is  joined  to  the  Electronics  Section.  These  removable  splines  are 
installed  through  an  aperture  provided  in  the  aft  steel  ring  at  aaimuth  45  degrees 
An  arrangement  is  provided  for  indexing  one  spline  and  the  other  is  driven  into 
position  using  an  axial  force  of  100  lbs.  To  prevent  spline  backup,  a  tai:g  on 
the  spline  cover  plate  engages  the  transverse  seration  provided  at  the  end  of 
the  spline.  The  spline  access  cover  plate  is  bolted  to  the  forward  Electronics 
Section  Ring  by  a  single  A-28S  bolt.  An  0-Ring  in  the  aft  Warhead  Section  Ring 
forms  an  environmental  seal  after  the  Payload  Section  is  combined  with  the 
Electronics  Section. 
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0 

UeatrunlQn  Section  Shell 

Steel 

4J3u  M,  MIL- S- 8699 

11. T.  I60-I8S  Ksi 

V..  • 

Involute  Splines  ( Part  of  t  ) 

;  3^ 

Vh,* 

Double  Tapered  Spline  it 

8toel 

•‘130  MIL-3-18729  Normalized 
H.T.  13&-l*»5  Kpoi 

cO 

"0”  RA aa 

Silicone  Rubber 

5  ) 

Al’t  Warhead  Section  Ring 

Steel 

4330  M,  MIL- 3-8099 

H.T.  IbO-lbo  Kai 

o  ) 

Monel  Rivet  ( 6o  places) 

MS  ,H>h27m 

0 

Sealant 

MIL- 3 -0802  or  BW3  3-H 

8") 

Shell,  Warhead  Section 

Aluminum 

2021-  .),  Qt,-A-2!?0/h 

H.T.  -T08 

'  9*) 

Plate,  Raceway  Extension 

Al  umlnuin 

2024-Tl,  Qfii-A-290/.ll 

10 1 

Monel  Rivet 

ii. 

External  Insulation 

\ 

9i-0 '0  Silicone  Rubber 

W/1%  Quartz  Micro-crystals 
Dow- Corning  Corp. 


B.  DESXOK  30BSI32RAriv)IIS  H, 

a.  'Transfer  2'{0  K  in-lb  ultimate  budy  bending  loud,  10  K  lb 

ultimate  t  rans  verse  shear  load,  and  /X)  in-lb  ultimate  torsion  load. 

b.  Design  temperature  for  (a.)  is  250°  F. 

c.  Joint  to  have  Payload  Section  interchange  capability  within  30  minutes 
while  ml3sile  is  in  carrier  rack. 

d.  Minimized  surface  steps  and  gaps  to  satisfy  radar  cross  section  and 
aerodynamics  requirements. 

e.  Design  must  net  compromise  volumetric  requirements  imposed  by  warhead 
and  electronics  components. 
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4.1.8  ELECTRONICS  SECTION  (Figure  4. 1.2-1) 

©vis  aectiou  i«  actually  an  aasembly  of  two  sections;  the  Electronics 
Che  11  forward  and  the  ftotor  Skirt  Extension  aft.  The  structural.  Joint  components 
are  Identified  an  follows: 

1.  Electronic  Section  Shell  with  an  integrally  machined  fitting  at 
the  forward  end  to  accept  payload  sections  by  means  of  a  quick 
disconnect  JoinL. 

2.  Motor  Skirt  Extension 

3*  Racetfay  Pairing  and  Ufcbilical  Cover 

4. 1.2.1  EI£CTR0NIC5  SECTION  FORWARD  JOINT  (Figure  4. 1.1-3) 

The  internally  machined  ring  at  the  forward  end  of  the  Electronics 
Section  Shell  is  designed  to  mechanically  interface  with  the  Payload  Section  as 
part  of  the  Double  Tapered  Spline  Joint  described  in  paragraph  4. 1.1. 3. 

4. 1.2. 2  MOTOR  SKIRT  EXTENSION  (Figure  4. 1.2-2) 

At  the  interface  of  the  Electronics  Shell  forward  and  the  Motor  Skirt 
Extension  is  located  the  Electronic  Support  voting  (..<■**'  Item  Do.  3).  TMs 
structural  member  provides  a  mounting  surface  for  electronic  equipment  and  is 
machined  as  an  integral  part  of  the  environmental  and  umbilical  systems.  Its 
circumferential  flange  is  fitted  with  nut  plates  to  permit  attachment  of  a  con¬ 
ventional  bolted  spline  Joint.  A  similar  Joint  less  the  support  fitting  provides 
i  the  interface  between  the  Motor  Skirt  Extension  and  the  Propulsion  Section. 
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MATERIAL 

Steel 
4335V 
Air  Melt 
Vacuum  Degassed 
Hit.  ?05-225kps 

Steel 
4330M 
MIL-S-U699 
Hit.  l60-l80ksi 

Aluminum 

356-T6 

QQ-A-601 

Steel 

U330M 

MlL-s-oey9 

Hit.  l6c-i8oksi 

BAC  330EL5-16 
(2  places) 

BAG  B30EL3-? 

(27  places) 

NAS  15  4-4 
(43  places) 


Critical  condition  is  missile  ejection  which  produces; 

1.  Ultimate  bending  load  of  37: ?  ‘JOG  in  lb 

2.  Ultimate  transverse  shear  load  of  10,000  lb  at  202°F 
Shell  temp. 
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4.1.3  Control  Section 

This  section  interfaces  with  the  Propulsion  Section  forward  and  the 
Tall  Cone  Section  aft. 

b. 1.3.1  Aft  Motor  Case  Assembly  Joint  (Fig,  4.1. 3-1). 

Tnis  Joint  provides  the  mechanical  interface  for  attaching  the  Control 
Section  to  the  Propulsion  Section.  It  consists  of  a  forged  ring  welded  to  the 
aft  end  of  the  motor  casing.  The  Hydraulic  Manifold  is  mounted  on  the  inside  of 
the  forged  ring  aft  flange  and  the  Control  Section  Pairing  is  mounted  on  the 
outside  of  the  same  flange.  In  addition,  the  Nozzle  Shell  is  mated  to  the  Aft 
Motor  Case  Ring  and  mechanically  held  by  a  threaded  retaining  ring. 

4.1.3.-?  Nozzle  Closure  (Fig.  4.1. 3-2) 

A  nozzle  closure  is  included  on  the  aft  end  of  the  nozzle  shell  which 
seals  the  motor  to  maintain  the  propellant  in  a  controlled  environment  prior  to 
motor  firing.  The  closure  is  designed  to  rupture  cleanly  when  the  motor  chamber 
pressure  rises  to  175-  ?5  psi  at  first  pulse  ignition.  The  closure  is  bonded  to 
the  nozzle  shell  with  an  epoxy  adhesive.  The  surface  vhich  form?  the  outer 
periphery  of  the  nozzle  closure  forms  an  interface  with  the  Control  Section  Fairing 

4.1.4  Tail  Cone  Section 

The  single  joint  of  the  Tail  Cone  Section  provides  the  mechanical  inter¬ 
face  with  the  Control  Section. 
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4. 1.4.1  TAIL  OOHK  OSPABATIQR  JOIRT  (Figure  4. 1.4-1) 

The  TUll  Oo*»4i»  mi  aerodynamic  fairing  attaahed  to  the  aft  end  of  the 
AQM-€>9A  miasile  to  reduce  drag  force  during  external  carry  by  the  carrier  ai>'craft. 
The  tail  cone  remains  attached  to  the  missile  until  rocket  motor  ignition  occurs 
during  launch.  Motor  ignition  causes  over- pressurization  of  the  tail  cone  shell, 
and  ao  approximately  33  pounds  per  square  inch  (psi)  internal  pressure.  The  Tail 
Cone  attachment  b  ishlng  shear  out,  resulting  in  separation  of  the  tail  cone  from 
the  missile. 

Through -drilled  holes  in  each  of  three  longitudinal  depressions  in  the 
forward  portion  of  the  spun  shell,  provide  access  to  tail  cone  fasteners  at  6o, 
lOO  and  300  degrees  azimuth,  for  the  assembly/disassembly  function. 
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(  1  i  Doubler,  Toil  Oone 
v—/  (25A250288-1O1-11) 

2024-0 

QQ-A-2^0/5 
H.T.  -To 

(  2  )  Retainer,  Tail  Oone 
^  (29A17190-101-11) 

606I-O 

Qft-A-250/ll 

(  3  )  Bushing,  Tail  Cone  Attaehnsnt 
v-y  ( 29A17191- 101- 11 ) 

606I-T0 

<w-a-  250/11 

(  4  )  Plate,  Filler,  Tail  Oone 
(2GA135S9-101-U) 

6061-TO 

Qti-A-250/11 
H.T.  -T6 

(  5  )  Ring,  'fail  Cone 
(25A28289- 101-11) 

2024-0 

Qft-A-250/4 
H.T.  -T6 

C6  )  Tail  Oone  Attach  Fitting 
(25A17132) 

202 4- t6 

Qft-A-250/4 

f  7  )  Attachment  Screw  (3  places) 

m  16998-28 

Nut  Plate 

BACNIOEN 

(  9  i  Shell,  Tail  Oone 

6O0I-O 

^  (25 A28291- 101 - 11 ) 

Qft- A- 250/11 
H.T.  -T6 

B.  DESIGN  CONSIDERATIONS : 

FAiring  to  withstand  local  aerodynamic  ultimate  loads  of  21.3  pel  and 
Tail  Gone  jettison  ultimate  load  of  4130  lbs. 
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4.2  SELECTED  SMALL  MISSILE  J0IET8 

Small  miaeile  joint  applications  which  differ  from  approachea  used  for 
AQM-69A  are  presented  in  this  section  together  with  such  design  data  as  was 
available. 

4.2,1  The  Sxoa 

A  three  stage  sounding  vehicle,  the  Exoo  started  with  the  Honest  John 
for  its  first  stage.  A  ground-to-ground  artillery  rocket.  Honest  John  yields  very 
high  thruat  for  over  four  seconds.  The  second  stage  UBed  a  Hike  booster.  Third 
stage  was  provided  by  a  version  of  the  Thiokol  Recruit  known  an  the  Yardbird, 
wtaioh  had  an  acceleration  capability  of  approximately  80  g’a.  The  Joint  used 
between  the  second  and  third  stages  serves  both  as  an  assembly  and  as  a  separation 
Joint. 

The  flared  skirt  on  the  forward  stage  and  the  coupling  casting  bolted  to 
the  aft  stage  (reference  Fig.  4.^-1)  are  both  threaded  on  the  outside  of  the  blast 
diaphragm.  Upon  forward  (third)  stage  ignition,  the  pressure  of  the  exiting  gas 
bows  the  diaphragm  so  that  the  threads  become  disengated  from  the  flared  skirt, 
and  a  clean  rapid  separation  occurs. 

This  system  is  generally  used  between  stages  which  are  fired  in 
success!  .'*  without  a  coast  period,  to  avoid  large  drag  losse.?  caused  by  the 

I 

S  relatively  large  skirt  diameter  and  the  burned  out  preceding  stage. 
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4=3  The  Joint  Selection  Process 

U.3. 1  An  example  of  the  process  which  permits  selection  of  a  candidate  joint 

for  a  particular  application  was  the  selection  of  the  Double  Tapered  Spline  Joint 
(Ref.  Fig.  4. 1.1-3)  for  the  payload  electronic  section  interface  on  AGM-69A. 

4.3.2  An  advanced  study  produced  a  series  of  candidate  joint  concepts,  shown 
by  Fig.  4.3-1.  Each  joint  was  compared  against  a  weighted  list  of  design  conside¬ 
rations  having  a  total  numerical  value  of  10.0.  Thus  the  numerical  assessment 
indicated  that  the  preliminary  selection  was  Concept  9,  the  Spring  loaded  Shear 
Key,  However,  in  the  evolution  between  concept  and  design,  governed  by  more 
restrictive  ground  rules,  new  candidate  designs  were  developed  (Fig.  4.3-2)  and 
a  later  selection  was  made,  namely  the  "Tapered  Spline  Joint".  The  prime  conside¬ 
rations  for  selection  from  this  matrix  were  weight,  cost,  and  evaluation  for 
compatibility  with  missile  system  requirements. 

Consequently,  it  cun  be  seen  that  while  t.he  Bolted  Joint  had  the  lowest 
weight  and  cost  figures,  the  missile  system  requirement  for  warhead  lnterchangeabili 
ty  within  carrier  aircraft  bomb  bay,  dictated  the  selection  of  the  Tapered  Spline 
Joint  design. 
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4.4  AM  ORIQIRAl  JOIlfT  CONCEPT 

This  section  present*  »  Joint  concept  for  a  missile  of  approximately  1<$ 
to  I?  laches  in  diameter.  It*  primary  purpose  1*  to  provide  attachment  of  a  pay- 
load  section  to  the  main  body  of  the  missile.  Its  capability  is  intended  to  provide 
the  following] 

I.  Transfer: 

a.  270,000  in-lb.  ultimate  bending  load. 

b.  10,000  lb.  ultimate  tran*ver6e  ehear  load. 

c.  900  in-lb.  ultimate  torsion  load. 

II.  Thirty  minute  aasembly/disaeuembiy  of  payload  section  while  missile 
ie  attar;  M  to  carrier  aircraft, 

III.  Minimize  surface  gap*  and- steps  to  satisfy  radar  crose  station  and 
aerodynamic  requirements. 

IV.  Maximum  possible  internal  volume  for  warhead  and  electronic  equip- 


V.  Satiafy  I  through  IV  at  a  design  temperature  of  270  P. 

4.4.1  DESCRIPTION 

The  Joint  conflicts  of  a  forward  ring  attached  by  rivets  to  the  noae 
;  section,  and  an  aft  ’•tng  similarly  attached  to  the  main  body  shell.  The  aft  ring 
is  assembled  inside  the  forward  ring  so  that  tvslve  bayonets  on  the  aft  ring  pass 
through  twelve  slots  in  the  main  flange  of  the  forward  ring.  (Reference  Figure 
4. 4. 1-1).  as  viewed  from  the  rear,  the  aft  ring  is  rotated  clockwise  through 
approximately  six  degrees  (6°).  This  draws  the  inclined  bayonet  surfaces  of  the 
aft  ring  flange  against  matching  surfaces  on  the  forward  ring  flange,  while 
forcing  the  principal  circumferential  flanges  of  each  to  bearcp  cne  another.  .While 
thus  held,  the  assembly  i*  locked  by  installing  a  lock  bolt  through  luge,  one  on 
each  ring,  which  have  been  drawn  together  by  the  rotation.  Access  is  provided 
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by  slots  and  holes  In  the  respective  rings  which  are  then  covered  by  a  single  plate 
which  restores  the  external  contour  of  the  body  shell.  Tapped  surfaces  on  each 
ring  permit  the  assembly  of  a  special  tool  (Reference  Figure  W.U.1-2)  required  to 
assestole  or  disassemble  the  sections  externally.  The  Joint  'a  fabricated  from 
^330  MOD  steel,  heat  treated  to  160,000  to  180,000  psi. 
t.4.2  EVALUATION 

The  concept  vao  submitted  to  Organization  2-^60  for  u  preliminary 


evaluation,  the  results  of  which  are  provided  on  the  following  page. 
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SUBJECT  Structural  Feasibility  of  Bayonet  Missile  Joint  Concept 
H8FKRENCE:  (a)  2-5167 -0-201  Missile  Joint  Concept  Compendium  of  Missile  Joints 


la  a  preliminary  qualitative  structural  evaluation  of  the  missile  Joint  concept  of 
Ref.  (a),  the  concept  va*  found  to  be  basically  feasible  froa  e  structural  point  of 
view. 


In  the  analysis  of  a  typical  missile  Joint  application,  the  maximum  stress  in  the 
Joint  was  found  to  in  the  order  of  40$  higher  than  the  maximum  stress  in  a  normal 
cylindrical  section  of  the  missile.  Alsc*  a  missile  with  this  Joint  coopared  to  one 
without  has  approximately  a  20$  decrease  In  bending  frequency. 

A  recommended  change  in  4ne  Joint  from  a  structural  point  of  view  is  the  elimination 
of  all  sharp  corners  to  prevent  lcr&l  stress  concentrations. 

A  more  detailed  stress  analysis  of  this  Joint  concept  would  depend  on  the  specific 
configuration,  weight  distribution,  and  stiffness  of  tbs  missile  In  which  the  Joint  is 
to  be  used.  From  this  the  mods  shapes  cud  frequencies  could  be  found  and,  thus,  the 
effect  of  the  Joint  on  dynamic  loads,  control  interaction,  and  terminal  quldance 
effectiveness  could  be  determined. 
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j  5  .0  DESIGN  CONSIDERATIONS 

There  are  muny  design  requirements  and  considerations  which  must  be  kept 
In  mind  when  selecting  a  Joint  design  for  missiles.  These  are  usually  unique  for 
each  application  but  usually  fall  into  one  or  more  of  the  fclio-'lng  categories: 

(1)  Ordnance  Separation 

(?)  Raceways 

(3)  Sealing  Joints 

(■'+)  Extraneous  Requirements 

{[>)  (To  be  added  If  necessary) 

Each  of  these  areas  can  be  the  subject  cf  an  entire  document  by  itself.  Conse¬ 
quently,  no  attempt  is  being  made  to  tell  a  complete  story.  However,  certain 
general  information  Is  useful  for  the  design  engineer  to  consider  when  making  his 
selection  and  Justifying  Its  feasibility. 

5  .1  Ordnance  Separation 

Information  presented  in  this  section  i*  uargely  derived  from  the  Boeing 
Research  Document  Dr-AOl  j-l ,  ordnance  Components  and  Subsystems,  Design  Quid'0. 
This  document  should  be  referred  to  tor  additional  details  or  expansion . 

5.1.1  Typical  Ordnance  Train 

Figure  5. 1.1-1  snow;,,  schematically,  an  ordnance  train  used  for  stage 
separation  o:  an  expended  booster  and  remove  1  ot  the  upper  stage  booster  skirt. 
(Refer  also  to  Figure  >*■!).  Tni..  figure  also  i  dent, : :  i<*;-  some  ot  the  ordnance 
components  Involved.  Tliey  are  discussed  in  Section  n  .1  .<•  and  pic  tori  ally  shown 
on  Figure  5.1.1-*-. 
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This  train  ia  a  unique  configuration  for  one  application  and  ta  not 
meant  to  be  universal.  It  gives  an  idea  of  the  Influencing  factors  involved 
in  an  ordnance  separation  Joint,  design. 


follow. 


The  sequence  of  events  which  take  place  in  this  particular  design  is  as 


a.  Electrical  signal  activates  the  Safe  and  Arm  Device  (i)  which 
ignites  the  detonators 

b.  The  detonators  (<l)  explode  and  Ignite  the  linear  charge  ('[)  . 

c.  The  linear  charge  (f)  explodes  ami  separate:  the  lower  stage 
booster  from  the  skirt.. 

d.  as  the  lower  stage  pulls  away,  it  pulls  the  lanyard  on  the  dai'e 
and  Arm  Device  (4),  tinning  It. 

e.  Safe  and  Arm  device  (4)  ignites  the  delay  boosters  (t>). 

f.  After  a  delay  period,  the  delay  boosters  (t)  Ignite  the  primary 
booster  (j). 

g.  Booster  (j)  explodes  and  ignite j  the  linear  charge  (?). 

h.  The  linear  charge  (7 )  explodes  thereby  igniting  the  boosters  (f»)  . 

i.  The  boosters  (*j)  ignit-*  the  charge  (7)  which  explomu.  and 
break",  the  skirt  Into  four  panels  which  are  ejected  by  the  force 
of  the  explosion. 
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5.1.2  Typical  Ordnance  Components 
5. 1.2.1  Safety  and  Arming  Device 

Description 

The  Safety  and  Arming  (S  &  A)  device  is  a  mechanism  which  controls 
the  make  and  break  of  continuity  of  electrical  firing  circuits  and  the  a»ke 
end  break  of  continuity  of  the  explosive  train  of  an  ordnance  subsystem .  On? 
variation  of  this  description  is  for  a  similar  device  containing  no  explosive 
or  pyrotechnic  material.  Such  a  device  has  been  identified  as  Safe  and  Arm 
switch,  A rm-Disarm  Mechanism  and  Safety  Switch,  all  performing  the  same  function 
of  make  and  break  of  electrical  firing  circuits. 

Application 

The  H&A  device  is  incorporated  into  an  ordnance  subsystem  which, 
if  inadvertently  activated,  would  result  in  a  cats '-.trophic  incident  with 
possible  loss  of  life  and  property. 

5.1.?. 2  Sxploslve  Release  Mechanism 

General 

Explosive  release  mechanisms  affect  release  of  structural  sections, 
panexs,  doors,  pods,  etc.,  by  explosive  or  gas  pressure  failure  of  retaining 
hardware.  The  common  release  hardware  used  in  explosive  releases  are  explosive 
bolts,  separation  nuts  (gas  or  explosive  actuated),  linear  charge  and  linear 
shaped  charge.  The  description  of  each  type  of  release  hardware,  and  common 
application  of  each  type  is  noted  below. 

a.  Explosive  Bolt 

1.  The  explosive  bolt  is  a  special  hollow  bolt  vhtch  is 
fractured  ly  an  Internal  explscve  charge.  The  explosive  charge  is  normally 
a  high  order  detonation  material  either  permanently  loaded  during  manufacture 
or  inserted  later  In  the  form  of  a  cartridge.  There  are  many  different 
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5. 1.2. 2  Continued 

configuration b  of  explosive  bolts,  most  of  which  have  considerable  blast 
and  fragmentation  when  actuated*  A  few  manufacturers  do  state  that  their 
explosive  bolt  will  operate  with  no  blast  or  fragmentation. 

2.  Application 

Explosive  bolts  are  used  to  release  tension  and  shear 
loads.  The  application  to  release  tasks  requiring  stmulataneous  actuation  of 
more  than  four  release  points  is  not  recommended  because  of  reliability 


penalties. 


Defeign  for  explosive  bolt  application  should  include 


evaluation  of  load  ratings  vs  weight  and  envelope  of  the  bolt,  weight  and 
envelope  of  structure  and  for  shock  and  blast  effects  of  the  particular 
bolt  being  considered.  Design  for  installation  of  explosive  cartridge  after 
bolt  Installation  Is  complete. 

b .  Separation  Nut 
1.  Description 

The  separation  nut  is  uesigned  for  installation  in  a 
manner  similar  to  a  regular  nut  in  structural  Joining  except  that  it  will 
release  the  load  when  actuated  by  an  explosive  or  gas  generator  charge.  In 
the  preferred  configuration  the  explosive  or  gas  generator  charge  is  contained 
in  a  sepax-ate  component  to  be  Installed  after  the  assembly  operation  is  complete. 

There  are  several  configurations  of  release  nuts  ranging 
between  the  release  of  gas  and  fractured  sections  of  the  nut  to  those  which 
release  no  gaj  or  fractured  sections  when  actuated.  Each  type  will  perform 
a  satisfactory  release. 
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5 *1.2.2  Continued 

2.  Application 

The  release  nut  must  he  used  only  to  release  tension  loads. 
Clearance  holes  for  the  mating  holts  are  required  to  allow  holt  pull-out  when 
the  release  nut  is  actuated .  Shear  loads  must  he  controlled  by  shear  pins  or 
similar  means. 

Those  release  nuts  actuated  by  high  order  detonation  will, 
in  most  cases,  release  some  explosive  blast  to  the  surrounding  area  hut  are 
relatively  free  from  harmful  fragmentation.  In  one  application  such  a  device 
has  been  enclosed  in  a  light  weight  container  and  qualified  for  use  in  an 
explosive  atmosphere.  Release  nuts  actuated  by  gas  pressure  will  release 
very  little.  If  any,  gas  and  will  generate  no  shock. 

Release  nuts  will  normally  be  load  rated  in  accordance  with 
the  load  rating  of  the  mating  standard  bolt. 

Release  nut  application  to  release  tasks  which  require  simul¬ 
taneous  actuation  of  more  than  four  points  is  not  recommended  because  of 
reliability  penalties. 

c.  Linear  Charge 
.1 .  Description 

.  Linear  charges  are  relatively  lightly'  loaded,  continuous, 

explosive  charges  encased  in  metalic  or  plastic  tubular  containers.  The 
linear  charge  is  also  known  as  Mild  Detonating  Fuse  (MDF),  Pritna  Cord,  and 
Low  Energy  Detonating  Cord  (LEDC).  The  explosive  specified  for  most  installa¬ 
tions  is  lead  or  ai'unimro  encased  RDX  or  PSTN  because  of  high  reliability, 
low  cost,  temperature  tolerance,  safety  and  a  high  detonation  velocity  with 
|  re:  nL taut  high  energy  shock  wave  release. 
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5. 1.2. 2  Continued 

2.  Application 

Linear  explosive  is  used  to  rupture  structural  fittings 
for  separation  of  missile  sections  and  for  propagation  of  detonation  from 
one  point  to  another  in  an  explosive  subsystem.  RDX  explosive  has  been 
qualified  for  use  at  altitudes  above  200,000  feet  in  the  Minutensan  stage 
separation  system.  There  has  been  no  work  done,  however,  to  verify  perfor¬ 
mance  .of  any  linear  explosive  after  long  exposure,  (up  to  one  year),  to 
space  environment.  The  application  of  explosives  to  any  task,  while  exposed 
to  cryogenic  temperature,  may  cause  extreme  performance  variation,  see 
reference  d. 

d .  Linear  Shaped  Charge 

1.  Description 

Linear  shaped  charges  are  similar  to  Item  o.  Linear 
Charge,  except  that  the  cross  section  is  shaped  to  focus  a  high  energy  stream 
in  a  predetermined  direction  to  produce  a  cutting  action.  The  linear  shaped 
charge  is  also  known  as  "Flexible  Linear  Shaped  Charge  (FL3C)"~ 

2 .  Application 

Linear  shaped  charge  (Fisc)  is  used  to  cut  a  structural 
material  for  vehicle  destruction  and  to  separate  sections  from  a  vehicle. 

The  explosive  cutting  performance  is  predictable  for  any  cl-  the  common 
explosive  loads  except  at  cryogenic  temperatures. 

The  installation  of  FISC  Is  most  often  accomplished 
during  structural  assembly  because  of  the  requirement  for  accurate  location 
and  orientation.  The  structure,  with  explosive  installed,  must  then  be 
considered  an  explosive  component  and  vli.1  require  special  restrictions 
during  storage  and  shipping. 

•  '  w, 
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5 *1.2.3  Boosters 

Description 

The  booster  Is  an  augmenting  explosive  or  pyrotechnic  component 
of  moderate  sensitivity,  which  is  used  in  the  explosive  or  pyrotechnic  train 
to  step-up  the  energy  output  of  the  primary  material  to  initiate  the  compara¬ 
tively  insensitive  main  charge.  The  booster  may  be  in  the  form  of  pressed 
pellets  or  in  shaped  containers  as  required  by  a  particular  system,  see  Figure 
5 „1. 1-2  for  additional  example. 

Application 

Boosters  will  be  applied  to  the  initiation  train  of  explosive 
components  to  step-up  the  detonation  rate  and  energy  release  of  the  initia¬ 
ting  or  donor  component  to  a  level  required  to  detonate  the  base  charge 
or  receiver  component  of  an  explosive  train. 

Boosters  may  also  be  applied  to  the  initiation  train  of  a  gas 
generator  or  solid  propellant  motor  to  step-up  the  release  of  hot  gases 
and  burning  particles  into  the  main  charge  for  more  rapid  build  up  of  main 
cnarge  gas  pressure. 

In  both  of  the  above  systems,  tne  booster  may  be  Incorporated 
only  to  reduce  the  total  quantity  of  sensitive,  primary  explosive  in  the 
initiation  components. 

Ir,  the  development  of  new  explosive  or  gas  generating  systems,  it 
is  otten  possible  to  use  an  off-the-shelf  booster  in  the  initiating  train. 

This  must  be  done,  however,  with  full  cooperation  of  the  booster  manufactu¬ 
rer  since  an  incorrect  selection  could  compromise  system  oerformance. 
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\  5-l*2.U  Initiators 

Deaarlption 

An  initiator  is  the  first  component  activated  In  an  ordnance  train. 

It  is  activated  by  either  electrical,  gas  pressure,  or  mechanical  means  to 
start  the  chain  of  events  which  results  in  ignition  or  detonation  of  the 
main  charge.  The  term  "initiator"  is  also  used  to  identify  some  components 
in  a  seat  ejection  system  which  may  not  be  the  first  unit3  fired.  However, 
the  function  is  basically  the  sane  as  noted  above. 

Initiators  are  identified  by  the  following  common  names: 

a.  Detonator  -  An  initiator  loaded  with  a  high  order  detonation 
material  to  initiate  detonation  in  an  explosive 
charge. 


* 

V 


b.  Squib  -  An  initiator  loaded  with  a  l'lame  and  gas  producing 

material  to  Ignite  deflagration  type  devices  such 
as  gas  generators  and  rocket  motor  igniters.  The 
term  "squib"  is  also  a.  common  slang  term  used 
conversationally  by  some  people  to  identify  any 
Initiating  device  or  small  pressure  cartridge. 

{This  use  creates  some  confusion,) 

c.  Primer  -  Nomenclature  used  by  some  organl <sat ions  for  elec¬ 

trical  or  mechanical  fired  initiators  which 
accomplish  the  same  functions  described  in  1  and 
2  above. 

There  are  two  basic  types  of  electrically  fired  initiator:,  the 
conventional  hot  wire  and  the  explosive  bridge  wire  (F.SW)  types.  The  appear¬ 
ance  and  function  of  each  type  ure  quite  similar,  however,  the  control  sub¬ 
system  differ  considerably .  * 

» 
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Application 

An  initiator  is  used  to  4tart  every  detonating  or  deflagrating 
function.  It  may  be  permanently  assembled  in  the  pyrotechnic,  or  explosive 
train  (such  as  a  primer  in  a  rifle  cartridge)  or  preferably  designed  for 
installation  after  the  remainder  of  the  subsystem  has  been  i  as  tallied  or 
assembled. 

Svery  precaution  should  be  taker,  to  preclude  the  chance  of  a  mix- 
up  between  detonation  and  deflagrating  type  initiators  in  any  installation. 

The  two  functions  are  not  Interchangeable  and  will  probably  result  in  a  mal¬ 
function  if  improperly  applied. 

The  application  of  initiators  to  systems  that  will  be  exposed  to 
hpaca  ei.v  1  ronmeuts  for  long  period?  prior  to  actuation,  car.  only  be  accom¬ 
pli  shed  with  some  risk.  There  has  been  no  text  lug  accomplished  tc  verify 
explosive  rr  propellant  performance  after  such  exposure 

Klectrieally  fired  initiators  arc  normally  Incorporated  into  a 
subsystem  in  such  a  manner  that  complete  redundancy  is  achieved.’  The  r**dun- 
ghivv  most  of  ten  includes  dual  sources  of  power,  dual  .switching,  dual  wiring,  and 
dual  bridgewi  ru>.  The  dual  bridge*  ire  a  maybe  incorporated  a?  two  bridge-wires 
In  on--*  initiator  or  two,  single  bridgewire  initiators.  In  the  case  of  two 
single  bridge-wire  initiators,  either  initiator  must  be  capable  of  performing 
the  complete  function. 
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5. 1.2. 5  list  of  references 

Document  D2-24013-l>  "Ordnance  Components  And  Subsystems  Design 
Guide",  snould  be  referred  to  when  designing  ordnance  activated  separation 
Joint  systems.  In  addition  the  following  references  are  provided: 


a . 

D2-2L052-1 

Electrc-Ey plosive  Initiation  Systems, 

Deoign  Guide  Lines 

b. 

AFM  1?T'10C 

Explosive  Safety  Manual 
(Air  Force  Manual) 

c . 

OKDP  20-F70 

Propellant  Actuated  Devices 
(Library  File  No,  U8?  P  20-270) 

d. 

T5-602S 

Test  Report,  Explosive  Performance  In 
Extreme  Cold  (Saturn) 

o . 

MIL-1  -2365.) 

(U.  S.  NAVY  -  BU-WEAF)  Initiators, 

Electric,  Design  and  Evaluation  of 

f. 

AFETRP  80-2 

General  Range  Safety  Plan 

(Air  Force  Eastern  Test  Bunge  Pamphlet) 

g* 

Machine  Design, 

July  l,  1968,  (pp  116  -  122)  Designing 

With  Explosive  Devices  -  Robert  F.  Reinking 

Project  Engineering  Supervisor,  Aerospace 
Components  Div,,  Atlas  Chemical  Industries, 
Inc.,  Valley  Forge,  Pa, 
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5.2  JOINT  TRADES  EXERCISE 

Frequently  the  designer  is  faced  with  the  selection  of  a  Joint 
concept  from  a  number  of  available  Alternatives.  The  use  of  a  manufacturing 
approach  to  make  the  decision  is  demonstrated  by  the  following  example  which 
unes  case  segmented  Joint  concepts  developed  in  the  Minuteman  Program. 

%?.l  MaNUFACTt'PISC  CONSIDERATIONS 

The  six  Joints’  shown  on  Figure  5. <'•1-1  have  been  evaluated  on 
the  basis  of  produelbility  in  terms  of  fabrication  time  and  the  relative 
Importance  of  the  two.  All  Joints  are  considered  to  be  interchangeable  and 
ultimately  producible. 

5.?. 1.1  SUMMARY 

Of  the  Joint  concepts  considered,  the  taper  pin  and  clevis  Joint  have 
ee»n  pelleted  ««•  being  the  most  desirable  in  term*  of  prcducibility .  The 
Joint  requires  more  installation  effort  than  some  of  the  others.  However,  the 
findings  indicated  that  initial  fabrication  time  far  outweighed  field  assembly 
time  for  th«*  program  concept  of  vhLch  this  study  wa?  a  part. 

The  primary  advantage  of  too  tape-  pin  and  clevis  Joint  design 
concept  la  that  It  somewhat  reliever  the  requirement  for  close  hole  align¬ 
ment  that  most  other  designs  requlr-.  IT, is,  of  course,  reducer,  part 
fabrication  costs. 
s.,.1.2  ’.'INSCRIPTION 
r  .'"'.I  . T . !  CTPA I  CRT  FJN  JOINT 

JcirV’  Concept  No.  1,  the  "levls  and  straight  shear  pin,  would 
require  b^th  *1:'*  highest,  fabrication  time  and  the  highest,  assembly  time  of 
ii.1  thrt  Joints  examined.  Tne  rearms  for  this  are  the  extraordinary  dimm- 
t  tonal  t  ••mnees  that  would  have  to  be  mot nt..nj n*d  in  making  the  rings,  and 


Continued 

th*  lnvtl  of  alignment  pruoinlon  required  In  thm  Joining  operation.  The 
Joint  I#  unlike  the  present  Mlm)h*n*n  Joint,  in  that  the  f*rb*n"rtt  on  pry 
the  t'CwprMtlw  loud.  Thio  requires  tint  there  he  a  Hose  (*'Uwa  I)  fit 
between  pin  and  matching  hole*,  Tn©  Joint  Ik  nimilur  in  concept  t,o  the 
typo  of  aheur  Joint  used  for  Bomarc,  tut  Beware  hud  r  j  foot  tijRineher 
vh«r»ttK  thl*  design  in  for  a  10  foot  *Un« titer,  Of  ev>*n  greater  aignlfi* 
nonce  iu  th«  method  of  naaeiaMy.  Whnrrofl  Ptimorc  Joint fi  could  bp  usnemb.led 
only  with  th*t  Hid  of  elaborate  holding  fixtures  unci  the  meet,  careful  atten 
tion,  this  Joint  (Me.  1  on  Fig.  can  be  assembled  with  a  minimum 

of  mechanical  aids  uni  In  n  suspondod  mode. 

To  inspire  success  of  Hunembly^  the  dimensional  nccuracy  of 
the  related  parts  must  be  near  perfect,  Nomnal  tolerances  for  mauler 
tool  cony  true  It  on,  hole  coordination,  axial  alignment  ancl  closeness  or 
fit  between  pin  and  holer,  mu  at  be  abandoned  In  favor  of  i  super  preclnlon 
work.  Increasing  accuracy  requirements  from  thousandths  of  an  Inch  to 
tenthousandtha  of  an  inch  would  have  a  marked  effect  on  fabrication 
costs . 

$. ?.1.3. 2  TAPER  PIN  JOINT 

Although  at  ft  rst  appearance  this  design  concept  appears  bo  be 
about  equal  In  complexity  to  the  straight  pin  concept,  in  reality  they 
represent  opposite  ends  of  the  produoiMlity  spectrum  in  term*  of  fabrica¬ 
tion  coats.  Although  there  remains  roue  question  as  to  whether  or  not  the 
taper  pin  design  here  oonnidered  can  be  made  interchangeable,  it  was 
assumed  that  a  satisfactory  design  can  be  achieved.  Such  a  design  would 
provide  for  a  positive  fit,  with  no  allowance,  while  at  the  same  time  the 
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Tho  purpoto  of  thoto  oorly  and  preliminary  folnt  ««««»«•» 

It  to  provide  axamplat  for  *0  tradat  exordia  of  Hit*  tacHpn. 

Tbolr  principal  valve  at  detlgn  coneaplt  It  probably  tHat  they 
lUutlfato  feature*  moot  to  bo  oval  dad  In  faint  design  contldoratlant 
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individual  part  tolerance  could  be  relatively  large.  It  It  Uhl*  l*i»s 
prerlsr  dimensional  control  that  brings  the  cost  of  fnbrl*«tlon  down,  and 
t.h ft  positive  seating  of  one  Joint  ring  on  the  other  (»j  on  present  Minute- 
man)  that  reduos  the  assembly  time. 

5.?.  1.2. 3  TAP®  PIN,  THREADED 

The  threaded  pin  concept  is  more  expensive  to  fabricate  than 
the  simple  taper  pin,  because  of  the  threads,  taps  and  the  need  for  a 
separate  tapered  insert.  Threaded  ports  are,  of  course,  more  subject  to 
damage  than  moat  other  kinds  of  fasteners  urd  the  inserts  would  have  to  be 
replaced  tf  the  threads  were  t.o  be  damaged. 

Assembly  time  for  the  threaded  taper  pin  is  greater  than  that 
for  the  simple  tapered  pin  because  a  more  precise  alignment  relationship 
must  be  achieved  prior  to  pin  insertion.  On  the  other  hand,  disassembly 
should  require  la sc  time  because  the  pins  can  be  extracted  directly.  The 
simple  taper  pins  may  have  to  be  freed  by  a  puller  device.  Finally,  the 
ef fec tivenesg  of  a  tapered  threaded  bolt.,  particularly  it;  vibration,  is 
highly  questionable. 

5 . 3 • 1 . ? • h  TAPER  PIN  'GLASS  CASE ) 

There  would  be  a  slight  increase  in  fabrication  costs  for  this 
design  over  a  similar  Joint  type  in  a  steel  case.  The  difference  would  b" 
due  to  a  requirement  for  special  driLllng  procedures  using  high  speed, 
diamond  impregnated  cutting  +oole,  end  an  expected  higher  frequency  of 
part  rejection.  Assembly  time  should  be  identical  with  that  required 
for  the  steel  case  application. 
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5.i\1.8.5  hOCKmiP  JOINT  (3TETCI.  CASK) 

The  lo-'katrip  design  la  moderately  r*or«s*  expensive  to  produce 
thr.n  the  tejic  r  pin.  Although,  like  the  taper  pin  design,  it  can  be  produced 
using  no.rmnl  fabrication  tolerances,  it  hat.  more  surface*  and  more  complicated 
surface  relationship*  tha^  necessitate  the  higher  fabrication  costs.  Because 
of  its  self -all Riling  characteristics,  it  requires  the  . learn,  assembly  time  of 
ail  the  designs  considered.  If  the  frequency  of  err-embly  and  disassembly 
were  to  be  relatively  high,  the  lockstrip  would  be  a  good  design  choice. 

5 6  LOCKSTRIF  (GLASS  CA.1F) 

As  can  readily  be  seen  from  the  drawings,  the  additional  complexity 
associated  with  attaching  metal  rings  to  fihe~gla«r,  case  etructu re  would 
substantially  contribute  to  the  cost  of  this  design  concept.  The  assembly 
time  would,  of  course,  be  the  some  a3  that  for  the  other  loekstrJp  JoiDt. 

5.2.1 .3  ANALYSIS 

5. P.1.3.1  RELATIVE  FRCDVTIBIUTY 

The  direct  factory  manhours  associated  with  the  actual  fabrlca- 
ttor  ol  the  various  Joint  ring  design  concepts  tend  to  vary  ever  u  rather 
wide  rung*,  from  3**0  manhours  tr  y00  manhours.  This  is  a  ratio  of  P.65 
between  the  costs  of  the  most  expensive  design  and  the  least  expensive. 

Tooling  costs  were  not  included  because  of  the  uncertainty  of  amortization 
factors,  but  if  they  had  been  considered,  the  spread  would  be  even  greater, 

Tne  design  concept  considered  to  have  the  highest  fabrication  cost;  would 
also  require  the  most  expensive  tooling.  A  more  detailed  explanation  of  these 
statements  appears  later. 
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RELATIVE  PR00X1BILITY  OP  ENOINK  CASE 
SEGMENTING  JOINT  CONCEPTS 


Joint  Type 

Parts  Fabrication 
Estimated  Manhours 

•Relative 

ProduClbility 

1. 

Straight  Pin 

900 

2.65 

2. 

Taper  Pin 

3  ho 

1.00 

3- 

Taper  Fin,  Threaded 

!>00 

1.47 

4. 

Taper  Pin  (Glass  Case) 

koo 

1.18 

5* 

Locket. rip  (Steel  Case) 

380 

1.12 

6  • 

Lockstrip  (Glass  Case) 

700 

?.06 

FIGURE  ^.2.1-2 


*  Baaed  on  the  establishment  of  1.00  for  baseline  and 
assigning  this  value  to  the  least  expensive  design 
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$.2.1.3.8  RELATIVE  A3UBKBLY  EASE 

The  nanhour a  associated  with  tataeibly  and  disassembly  function*,  although 

nuch  smaller  In  magnitude,  vary  over  a  range  almost,  a*  great  a*  that  required  for 

. 

part  fabrication.  Here  the  ratio  ia  1  :  2.26  between  the  least  and  the  moat  time 

i 

consuming  concepts.  This  could  be  of  real  signlficdaee  if  assembly  and, disassembly 
became  a  frequent  occurrence,  and  in  any  oase  is  important  from  the  standpoint  of 
possibly  prolonging  the  field  assembly  operation. 


RELATIVE  ASSEMBLY  EASE  ASSOCIATED  WITH 
ENGINE  CASE  SEGMENTING  JOINT  CONCEPTS 


Joint  Type 

Estimated  Manhours 
Assembly  Di a -Assembly 

^Relative 
Assembly  Ease 

1.  Straight  Pin 

7.5 

7-0 

2.26 

2.  Taper  Pin 

4.0 

6.0 

\1.56 

3.  Taper  Pin  Threaded 

6.7 

4.7 

1.78 

4.  Taper  Pin  (Glass  Case) 

4.0 

6.0 

1.56 

5.  Lockstrlp  (Steel  Case) 

3.0 

3.4 

1.00 

6.  Lockstrlp  (Glass  Case) 

3.0 

3.4 

1.00 

FIGURE  5. 2. 1-3 


*  Based  on  the  establishment  of  1.00  for  baseline,  and  assigning 
this  value  to  the  design  requiring  the  least  assembly  and  dis¬ 
assembly  time. 

5. 2. 1.3. 3  CONCLUSIONS 

It  can  be  seen  from  Figure  5 .2.1-2  that  the  taper  pin  Joint  concept 
is  the  easiest  to  fabricate,  and  from  Figure  5. 2 .1-3  that  the  lockstrlp  Joint 
concept  Is  the  easiest  to  aasamble.  The  lockstrlp  Is  somewhat  more  costly  to 
fabricate  than  the  taper  pin  concept,  while  the  latter  is  about  1  1/2  times  more 
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5. 2. 1.3. 3  (Continued } 

There  ere  no  doubt  several  criteria  by  which  the  relative  Importance  of 
these  different  manufacturing  operations  might  be  measured.  In  the  absence  of 
specific  direction  in  this  matter,  however,  cost  was  assumed  to  be  the  primary 
factor.  On  the  basis  of  cost  above,  it  would  be  necessary  to  perform  the  assembly 
and  disasoenibly  operation  12  times  before  installation  costs  would  exceed  Initial 
fabrication  costs.  Since  the  operational  concept  being  considered  calls  for  only 
8  removals  per  wing  per  year  after  initial  emplacement,  it  would  be  about  10  years 
before  assembly  costs  associated  with  joint  design  equaled  the  initial  cost  of 
joint,  fabrication. 
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5.3  SJ5ALUI0  JOINTS 

When  Joints  must  act, as  eff latent,  seals  as  well  as  structural 
members,  Certain  general  practices  must  be  followed,  The  following  Is  a 
"check  list"  which  the  engineer  can  use  in  hie  design  development.  It 
does  not  cover  metal  seal®. 

(*)  Sealing  material  should  never  "work”  from  the  loads 
passing  through  the  Joint. 

(b)  Shear  loads  carried  by  the  Joint  should  bypass  the  seal  il‘ 

possible. 

(?)  The  seal  is  subjected  to  the  same  thermal,  chemical,  and 
pressure  environment  as  the  rest  of  the  Joint.  It  must  be  designed  for 

snChr. 

(d)  Avoid  thin,  narrow  gaskets.  Their  reliability  is  poor. 

Reliability  is  related  to  the  pressure  required  to  achieve  1 
seal  which  is  proportional  to  ga3ket  area.  Pressure  is  also  proportional 
to  the  width  to  thickness  ratio  an  shown  in  Figure  S3-1.  This  figure 
showsj  the  minimum  sealing  stress  required  for  a  cork  and  rubber  gasket 
material.  The  curve  is  essentially  the  sane  for  any  material,  the  only 
difference  being  a  vertical  shift.  Figure  indicate"  the  relative 

differences  between  many  materials. 
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placed  Oil  developing  large  Mfmtri  rooktt  note?  emiaa.  To  mil**  wolgHt  at* 
ooct  «VU||  froi  tha  m«  of  flberglaaa  li  tuoh  applicatloae,  a  Upweight 
reliable  meehaaiiel  Joint  l«  required.  fcovevar,  the  lew  bearing  tad  rt«»r  strength 
of  roein  laminates  foroo  tho  engineer  to  develop  unique  Joint  designs  encompassing 
nil}  no  fibergliee  or  oven  fiberglass  to  fiberglass  laminates,  capable  of  develop¬ 
ing  the  foil  strength  of  the  beelo  fiberglass  structure. 

6.1  MOTORCAS1  G0JIC8PT3  COHSIMRED 

6.1.1  Is  thl*  section,  Joint  designs  are  cooildered  for  the  two  promising 
concepts  for  segmenting  filament  wound  rocket  sotor  cases,  illustrated  In 
figure  6, 1.1-1.  Theee  are  (a)  the  olrcunferantlally  segmented  case  (or  segmented 
concept),  and  (b)  the  longitudinally  segmented  case  (or  modular  concept) I  The 

F •grated  concept  consists  of  a  forward  closure,  aft  closure,  and  cylindrical 
canter  easiest*  connected  by  lightweight  pinned  Joints.  The  modular  concept  is  an 
aaeembly  of  several  modules,  composed  of  filaments  oriented  on  meridional  lines, 
that  form  portions  of  the  forward  and  aft  closures  and  are  mechanically  fastened  j 
to  the  forward  and  aft  polar  rings.  The  outer  cylinder  is  of  prefabricated  hoop 
rings  or  circumferential  windings. 

6.1.2  SBOMEVKD  CASK  LIGHTWEIGHT  JOOT 

6. 1.2.1  Since  mechanically  fastened  Joints  are  necessarily  thicker  than  the  case, 
they  offer  greater  restraint  to  radial  expansion  than  does  the  case-  If  the  Joint* 
are  reinforced  vi th  steel,  the  differential  growth  ie  further  exaggerated  by  the 
contrast  in  elastic  moduli  (10.5  x  10^  pel  for  glass  v&  JO  x  10^  psi  for  steel). 

To  minimise  tha  contrast,  uso  was  made  of  the  ability  of  the  filaments  to  orient 
themselves.  If  the  Joint  is  located  at  the  tangent  point  of  the  closure  and  the 
cylinder,  the  closure  contour  and  its  filament  path  can  be  readily  calculated  to 
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obtain  the  radial  growth  required  to  eliminate  discontinuity  forces.  The  case  .' 
growth  can  bo  made  to  coincide  with  the  joint  growth  by  using  the  critical  angle 
principle}  that  is,  as  the  wrapping  angle  exceeds  51*  3A  degrees,  the  ratio  of 
hoop  strain  to  helical  strain  decreases. 

Because  rocket* motor  performance  requirements  for  most  applications, 
dictate  joint  locations  and  winding  parameters,  the  joint  concept  developed  was 
designed  to  provide  the  same  radial  restraint  as  the  case.  Trade  studies  indicated 
the  clevis  type  Joint  of  Figure  6. 1.2-1  to  be  the  most  efficient  concept.  The 
clevis  Joint  is  composed  of  thin,  high  strength  steal  shims,  laminated  between  the 
helical  layers  of  the  case  with  the  hoop  windings  wound  outside  the  Joint  region. 

It  should  be  noted  that  the  hoop  and  helical  windings  are  interspersed  in  the  case 
| and  that  the  hoop  layers  terminate  at  the  start  of  the  shims.  The  interspersion 
of  hoop  acid  helical  windings  requires  an  external  skirt  attachment.  A  design 
analysis  of  the  Joint  is  provided  in  the  Reference  (a  •}  document  .(See  6.3). 

6. 1.2.2  SKIRT  ATTACHMENT  JOINT 

6. 1.2. 2.1  Experience  has  indicated  that  under  the  influence  of  high  longitudinal 
strain  in  the  case  and  compressive  strain  in  the  skirt,  a  pure  resin  bond  between 
skirt  case  is  unsatisfactory,  or  at  best  unreliable.  To  circumvent  this 
problem,  a  concept  was  developed  which  uses  a  layer  of  elastomeric  material  between 
skirt  case  to  reduce  shear  stresses  and  improve  reliability.  This  Joint  Is 
shown  schematically  in  Figure  6. 1.2-2.  A  free  body  representation  of  the  effect 
of  both  Skirt  Compression  and  Case  Growth  on  the  Joint  ie  shown  on  Figure  6.1. 2-3* 
An  analysis  of  such  a  Joint  together  with  a  discussion  of  its  fabrication  problems 
is  included  in  Reference  (a.). 
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6.1.3.X  ,  The  two  basic  alaiistf 'of  the  nodular  concept  ere  the  nodule  end  the 
hoop  rfhg .  the  module*  are  preformed  and  prewired  with  all  fibers  oriented  in  the 
longitudinal  direction,  extending  beyond  the  ta Agent  lines  to  form  either  or  both 
domes.  The  domes  described  by  the  modules  consist  of  only  longitudinal  fibers* 
hence,  their  contours  must  describe  a  "no  hoop  load  dome"  which  is  discussed  In 
greater,  detail  In  the  "pome  Analysis"  section  of  Reference  (a.)  .  The  circumfe¬ 
rential  strength  of  the  cylindrical  section  la  supplied  by  hoop  rings  wfcieh  are 
fitted  over  the  assembled  modules.  These  hoop  rings  also  consist  of  precured  and 
preformed  unidirectional  ilbers. 

6.1.34M  MODULE  JOINT  (TYPE  A) 

The  tension  load  in  the  module  ia  transferred  into  steel  foil 
which  is  integrally  wrapped  with  the  module.  The  foil  In  turn  carries  the  load 
Into  a  bolted  Joint  connecting  the  adapter  ring  (Reference  Figure  6.I.3-I).  The 
analysis  la  basically  similar  to  that  presented  for  the  segmented  Joint  referenced  • 
lo,6.1,2~l« 

6. 1.3. 1.2  MODULE  JODTP  (TfPE  B) 

This  light  weight  clevis  Joint  provides  a  unique  design  which  eliminates 
bending  and  assures  strain  compatibility  at  the  polar  ring  equal  to  that  carried 
by  the  outer  plate. 

6.1. 3. 1.3  FABRICATION  FRQBLWS 

Steel  sheets  designed  to  carry  bearing  loads  in  the  Joint  areas  are 
laminated  between  the  glass.  Any  necessary  reinforcement  or  filler  clothe  are 
added  in  conjunction  with  the  steel  laminates.  Whan  loading  permits,  the  shirts 
are  wrapped  as  an  Integral  part  of  a  hoop  ring  instead  of  using  the  elastomeric 
bond  discussed  in  6. 1.2. 2.1  (Reference  Figure  6. 1.3-3).  The  following  requirements 
demand  extreme  care  ia  laminating  the  steel  with  the  module* 
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Glass  Cloth  &  - \ 

Steel  Foil  Laminat* 


Filler  Cloth 


Adapter  Ring 


-  Longitudinal  Force 


R„  -  Any  Radius 
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MODULE  JOIST  (TYPE  A) 


FIGURE  6. 1.3-1 
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Outer  Plate 


Inner  Plate 
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MODULE  JO  HIT  (TYPE  B) 


FIGURE  6. 1.3-2 
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HOOP-SKIRT  RING 


FIGURE  6.1. 3-3 
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6.2  RECENT  STATE  OF  THE  ART  DEVELOPMENTS  IN  THE  SHIM  Jr 

Building  on  earlier  technology,  the  Bcndix  Corp.  ...  .’mucJ  i  .  uidy, 

i  ' 

the  results  of  which  are  presented  in  this  section.  It  is  consigned  ♦ vpieal  of 
similar  efforts  conducted  by  other  sources  and  represents  an  advance  in  the  state 
of  the  art  of  Shim  Joint  Concept  development.  The  information  source  is  identi¬ 
fied  by  reference  b.  together  with  related  references  a.,  and  c.  through 
i.  of  paragraph  6.3. 

6.2.1  ABSTRACT 

This  paper  describes  a  shim  joint  concept  that  was  developed  to 

improve  the  efficiency  of  joints  for  attaching  to  composite  material  structural 
members.  The  shim  joint  concept  reinforces  the  composite  material  in  the  region 

of  the  joint  with  thin  metallic  layers  which  permits  employing  a  conventional 

shear  pin  joint  between  the  composite  members  and  a  mating  fitting.  Design 

parameters  are  defined  and  design  data  are  established.  Improved  methods  for 

fabricating  the  reinforced  tube  ends  and  improved  testing  fixtures  are  developed. 

An  advanced  optimization  technique  has  been  applied  to  the  design  of  the  shim 

joints.  It  is  shown  that  design  parameters  can  be  optimized  conveniently  by  the 

structural  synthesis  approach  in  determing  the  minimum  weight  configuration.  The 

results  indicate  that  the  shim  joint  concept  can  be  successfully  applied  to 

composite  members  without  prohibitive  attachment  weight  penalties. 

6. 2.1.1  INTRODUCTION 


It  has  been  determined  that  structural  tubes  fabricated  of  composite 

inaterials  would  be  lighter  thap  tubes  made  from  more  conventional  materials  such 

as  steel,  aluminum,  or  titanium  alloys.  However,  even  though  structural  members 
can  be  made  lighter  with  composite  materials  than  with  the  more  common  uieta] 

alloys,  the  weight  of  reinforcing  composite  tube  ends  and  joining  them  to  end 
f it  ting*  will  impose  penalties.  As  a  result,  the  significant  weight  saving 

potential  of  composite  materials  may  tend  to  be  offset  somewhat  by  the  weight 
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penalties  imposed  by  joining  the  tubes  to  end  fittings.  The  design  of  efficient, 
lightweight  joints  between  composite  tubes  and  end  fittings  .is,  therefore,  a 
necessary  element  in  the  development  of  composite  structural  components  and  requires 

j 

formulation  of  design  criteria  and  analysis  techniques.  J 

The  development  of  joints  for  composite  material  structural  members 

has  been  studied  extensively  by  a  number  of  investigators.  Most  of  the  previous 

efforts  have  been  confined  to  either  bonded  or  mechanical  joints.  However,  both 

of  these  -joint  types  possess  inherent  limitations. 

This  paper  describes  a  shim  joint  concept  which  considerably  reduces 
these  limitations  and  improves  the  efficiency  of  the  joints.  The  basic  geometry 

of  the  shim  joint  is  presented  in  Figure  6. 2. 1-1.  The  shim  layers  are  of  uniform 

thickness  and  constant  length  in  the  longitudinal  direction.  Trie  composite  tube 
end  is  separated  into  several  Layers  and  bonded  to  the  shim  layers  by  an  adhesive. 

A  single  circumferential  row  of  conventional  shear  pins  is  used  to  transfer  loads 
from  the  composite  tube,  through  the  shim  layers,  to  the  mating  part. 

Most  of  the  information  presented  thereat  ter  refers  to  fiber  glass 
composite  tubes  subjected  to  tensile  load.  However,  this  shall  not  be  inter¬ 
preted  as  the  limitation  of  the  shim  Joint  concept. 

The  composite  material  used  to  establish  design  data  consisted  of 
AF-994  glass  filament  and  Shell  Chemical  Company's  58-bHR  resin  system.  The 
shim  material  was  AM«35*>  steel  (ultimate  tensile  strength  2b 0  ksi). 


6.2.1.? 


ANALYSIS  OF  ATTACHMENT  AREA 


Analysis  of  the  configuration  in  Figure  6.2,  1-1  resulted  in  an 
extensive  list  of  potential  design  parameters.  Most  of  the  geometric  variables 

are  defined  in  Figure  6.2.1  T.  A  complete  listing  ol  geometry  variables  is 
presented  below. 

a  «  distance  from  pin  row  centerline  to  tube  end 

!>  (D,)  ■  outside  (inside)  tube  diameter 
o  1 

^oj^ij)  **  outsic!e  (inside)  tube  diameter  in  attachment  area 
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D  (U.  )  ■  out a  Ido  (lnsido)  pin  diameter 

op  ip 

ft  distance  from  pin  row  centerline  to  back  edge  of  shims 
•  total  length  of  reinforced  attachment  area  (L  +  L  ) 

J  8  C 

I.  *  length  of  reinforcing  ring 

L  •*  longitudinal  length  of  metallic  shim  layer  (d  +  a) 

l.  »  wall  thickness  transition  zone 
t 

N  *  number  of  filament  layers  In  tube  wall  that  do  not  extend 


N 


Into  the  attachment  area 

number  of  pins  along  the  tube  circumference 


as  follows: 


*  number  of  metallic  shim  layers 
t  »  thickness  of  the  adhesive  layer  joining  the  metallic  shim 

A 

to  the  composite  material 

t  *  thickness  of  composite  layers  which  do  not  extend  between 
shims 

tj.  *  thickness  of  composite  layers  between  shims 

t  -  maximum  thickness  of  the  transition  length  circumferential 

r 

reinforcing  rings 

t  •  thickness  of  metallic  6liim  layers 
8 

W  ■  circumferential  distance  between  pin  centerlines 
And  the  material  weight  densities  are  denoted  in  the  design  procedure 

ui  »  density  of  the  composite  material 

U)  »  density  of  the  adhesive  material 

a 

ui_  =  density  of  the  filler  material 


u)  •-*  density  of  the  pin  material. 

P 

a>  “  density  of  the  metallic  sh i in  material 
s 

Mechanical  fasteners  in  shim  reinforced  composite  materials  produce 
much  the  same  failure  mode  as  in  metala.  The  following  analysis  considers  those 
potential  failure  inodes  resulting  from  axial  tension  loads  on  the  joint.  Net 
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area  tensile  failure,  pin  hole  bearing  failure,  hoop  tension  failure,  shear  bearing 

tear-out  failure,  and  pin  shear  failure  can  all  be  produced  by  variation  of  design 
parameters.  Failure  can  also  occur  due  to  excessive  shear  in  the  bend  joint 

between  the  shim  and  the  composite  material,  or  by  delamination  of  the  fibrous 

layers  in  the  tube  wall  thickness  transition  length. 

6.2. 1.2.1  NET  AREA  TENSION 

Joint  failure  may  occur  in  tension  along  the  pin  row  centerline  if 
the  net  tension  area  becomes  sufficiently  small.  The  ultimate  strength  of  the 
net  tension  area  depends  on  the  ductility. of  the  metallic  shim  material  when  a 
low  elastic  modulus  composite  is  used.  The  composite  material  in  the  net  tension 
area  can  support  high  stress  if  the  shim  can  be  strained  sufficiently.  For  this 
reason,  the  combined  steel  and  composite  areas  were  utilized  In  calculating  the 
net  tension  area  stress  (A  ). 


where  W  •>  TTD  ./N  .  The  ultimate  tension  load  is  given  by: 
oj  p 


P  =  N  K  A  F 
ult  p  tu  t  tu 


(2) 


where  K  is  the  ultimate  tensile  efficiency  factor  and  F  is  the  ultimate 
tu  tu 

tensile  strength  of  the  metal. 

The  allowable  tensile  stress  is  a  function  of  the  D  /W  ratio  as  in 

op 

lug  strength  study.  Flat  plate  tests  were  conducted  to  determine  tensile  allow¬ 
ables  and  results  are  presented  in  Paragraph  b.2.1.3  of  this  paper 
6. 2. 1.2.2  PIN  HOLE  BEARING 

Test  results  have  Indicated  that  bearing  failure  of  shim  reinforced 
composites  normally  occurs  as  a  result  of  shim  buckling.  Buckling  strength  is  a 

function  of  individual  shim  thickness,  t^,  and  the  unsupported  metal  span  length, 
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DQp.  The  bearing  allowables  are  presented  in  Paragraph  fi.2.1.3  of  this  paper  as 
a  function  oi  the  ratio  D  /tg.  The  allowable  pin  hearing  area  and  the  ultimate 
tension  load  are: 


*b 


*  N  t  D 
r  s  s  op 


P  *fUL  A.  F 
ult  p  or  hr  tu 

where  is  the  bearing  efficiency  factor 


(3) 

(4) 


Since  the  failure  mode  is  actually  one  of  stability,  the  degree  of 

restraint  due  to  clamping  must  also  be  considered  in  establishing  allowables 

for  this  failure  mode.  A  Joint  which  is  tightly  clamped  by  a  threaded  nut  on  the 

pin  will  produce  much  higher  bearing  stresses  than  an  identical  joint  which  is 
not  clamped  or  restrained.  Clamping  of  the  flat  plate  tests  were  adjusted  to 

duplicate  that  expected  in  the  composite  tube  attachment. 

6. 2. 1.2. 3  HOOP  TENSION 

Hoop  tension  can  occur  when  the  pin  row  is  placed  too  close  to  the 
tube  end.  For  unidirectional  composite  piles,  the  tensile  strength  of  the  glass 
epoxy  system  is  quite  low  in  the  transverse  directions,  therefore,  the  composite 
material  was  not  considered  to  be  effective  in  transmitting  hoop  stress  during  the 
establishment  of  allowables.  Further  testing  would  be  required  to  establish 
allowables  for  attachments  winch  incorporate  plies  oriented  at  an  angle  to  the 
member  axis.  The  allowable  is  defined  in  terms  of  the  shim  material  ultimate 
tensile  strength  and  is  a  function  of  the  a/D^  ratio.  The  hoop  tension  area 

is  given  by  the  following  expression: 

i) 


A,  -  K  t 

lit  3  ! 


op 


(5) 


J 


The  ultimate  load  for  the  joint  is 


Pult  *  NpKlitAhtf'tu 


(6) 
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where  Kjjt  is  the  hoop  tension  efficiency  factor,  further  explained  in  Paragraph 
6.2. 1.3. 

6.2. 1.2.4  SHEAR  BEARING 

Past  experience  with  lug  design  would  indicate  that  shear  bearing 
failure  could  also  occur  if  the  pin  row  is  placed  too  close  to  the  end.  There 
were  no  clearly  defined  occurrences  of  shear  bearing  failure  during  the  flat  plate 
tost  series  of  this  study.  It  has  been  suggested  that  the  tubular  members  may 
be  more  susceptible  to  shear  bearing  failures  since  the  tubular  geometry  possesses 
more  lateral  constraints  than  the  flat  plate  specimens.  Only  tubular  test  data 
can  ascertain  this  fact. 

6. 2. 1.2. 5  BOND 

To  design  a  bonded  shim  joint  for  ultimate  loading,  it  was  necessary 

to  use  average  shear  strength  allowables  from  flat  plate  tests.  The  shim  area 

which  was  considered  to  be  effective  in  bond  ia  shown  in  Figure  6.2.142  to  be  a 
function  of  both  a  and  i.  An  effective  bond  length  was  defined  by  dividing 

the  shaded  bond  area  by  the  width,  W. 


W  (£  +  a)  -  N  (a  D  +  ~  D2  ) 
P  op  8  op 

W 


(7) 


The  ultimate  load  for  a  shim  joint  is  given  by 


P  ,  -  2N  A  P 

ul t  s  s  a 


(8) 


where  A  -  f  W,  and  F  is  the  allowable  shear  stress,  defined  in  terras  of  the 
s  e  s 

effective  bond  length  SL^. 


6. 2. 1.2. 6 


WALL  THICKNESS  TRANSITION  ZONE 


From  a  weight  standpoint,  it  is  desirable  to  make  the  transition 
length  as  short  aa  possible.  As  the  transition  length  becomes  shorter,  however, 

the  radial  force  component  which  tends  to  separate  the  fibrous  layers  (delaminate) 
at  the  base  of  the  transition  length  becomes  greater.  These  radial  forces  create 
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which  must  not  excead  tha  ultimate  tunaila  strain  for  tha  raain  in  th«  eompoaite. 

The  teimile  utrnin  at  the  separation  point  cun  bo  controlled  by  designing  civc 

wrap  roinfotccment  ring*  at  both  tha  inn  Ida  and  outside  dlamoterx  to  raatrict 

radial  movement.  Tha  transition  zone  wan  analyzed  by  lifting  a  finite  clement 
model  of  beam*  and  springs.  The  thickness  of  tha  required  reinforcing  ring  is 
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a 

where  is  the  radial  force  on  the  exterior  layer,  l8  the  allowable 

radial  force  on  the  exterior  layer  And  y  the  allowable  radial  displacement  of 

fl 

the  exterior  layer.  Both  (P^)u^  and  values  may  be  established  through 
analytical-experimental  studies  (Reference  b,  pp.  88-99). 


6.2. 1.2. 7  PIN  SHEAR 


The  pins  are  loaded  in  double  shear  and  the  design  requires  simply 


that  the  cross-sectional  area  bo  large  enough  to  ensure  that  the  shear  stress 

does  not  exceed  the  ultimate  shear  strength  of  the  material.  If  hollow  pins  are 

used,  the  ratio  D.  /D  must  bo  low  enough  to  ensure  that  the  pins  will  not  crush 
’  ip  op  ^ 

or  buckle.  The  ultimate  load  for  the  pinned  Joint  as  governed  by  pin  shear  is 
given  hy: 


P  ,  =  2N  A  F 

■  ul  t  P  p  su 


(10) 


where  A^  is  the  pin  area,  and  F^  the  ultimate  shearing  strength  of  the  pin 


material . 
6. 2. 1.3 


FLAT  PLATE  TESTS 


|  The  flat  plate  test  specimen  (Figure  6.2.1-A)  was  developed  to 

i  . 

;  enable  inexpensive  determination  of  ultimate  strength  design  allowables  for  the 
various  failure  modes  in  a  shim  joint.  Hie  presence  of  free  edges  on  the  sides 
of  the  flat  plate  configuration  prevents  exact  simulation  of  the  tubular  joint, 
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The  flat  plate  specimen  used  in  this  study  is  best  described  by 

Figure  6. 2. 1-4 •  Five  0*02  inch  steel  shim  layers  were  used  in  each  of  the 

flat  place  specimenta,  but  the  other  materials  were  Included  in  varying  quantities 

to  'produce  failure  modes  which  Were  of  interest.  The  composite  material  was 
composed  of  65  percent  glass,  by  volume,  and  35  percent  resin.  The  W  dimension 
Was  fixed  at  1.0  inch.  Also  tests  conducted  during  this  study  have  included  only 
longitudinal  fibers  between  the  shims.  Further  testing  will  be  required  to  deter¬ 
mine  design  allowables  for  shim  joints  in  laminates  having  fibers  oriented  at  an 
angle  to  the  loading  direction. 

The  specimens  were  loaded  by  a  pin  through  the  shim  joint  and  by  a 
friction  grip  on  the  opposite  end.  The  shim  pack  was  clamped  lightly  during  the 
test  to  simulate  the  clamping  action  expected  from  a  metal  fitting  mating  with 
the  reinforced  tube  end.  The  specimens  were  loaded  to  rupture  to  obtain 
ultimate  strength  design  allowables. 

6. 2. 1.3.1  NET  AREA  TENSION 

The  net  area  tension  data  is  shown  in  Figure  6. 2. 1-5.  The  calculated 
stress  values  were  divided  by  the  ultimate  tensile  strength  of  the  shim  material 

to  form  the  net  tension  efficiency  factor,  K^.  A  mean  allowable  curve  is  shown 

superimposed  on  the  test  data.  The  mean  allowable  is  defined  in  terms  of 

0op/W  by  the  expression: 


tu 


79.33 


143,75  -  10.0  D  /W 
op 


(11) 


[which  was  used  in  the  net  tension  area  failure  envelope  in  the  design. 

Data  points  denoted  as  "lower  bound"  values  arise  from  tests  in 

!  which  failure  occurred  either  in  a  different  mode,  or  in  a  combination  of  modes 
[which  included  the  one  of  interest. 
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6.2.1. 3. 2  PIN  BEARING 

Figure  6. 2. 1-6  shows  the  flat  plate  pin  bearing  scrength  data  plotted 

versus  the  D  /t  ratio.  The  bearing  ultimate  stress  values  have  been  divided 
op  s 

by  the  ultimate  tensile  strength  of  the  shim  material  to  form  the  pin  bearing 
efficiency  factor,  .  The  curve  was  derived  empericallv  and  is  defined  by 

Sr  *  3.0  -  -  (12) 

107 -D  /t 
op  s 

Equation  12  was  used  as  tne  pin  bearing  failure  envelope  in  the  optimum  design 
procedure. 

Pin  bearing  failure  Is  of  special  interest  because  it  is  more  ductile 
than  other  failure  modes.  When  structural  members  are  fabricated  from  brittle 
materials  such  as  fiber  glass,  it  may  be  dc*sirable  to  design  the  assembly  such 
that  initial  failure  occurs  in  the  attachment  by  pin  bearing  to  avoid  catastrophic 
failure  of  the  assembly. 

6. 2. 1.3. 3  HOOP  TENSION 

The  hoop  tension  test  results  are  plotted  in  Figure  6. 2. 1-7  as  a 

function  of  the  a/l)  ratio.  Again  a  mean  allowable  curve  haw  been  derived  to 

op 

fit  the  test  data.  The  mean  allowable  curve  is  obtained  bv 


Kht  - 


3.173 

a  / 1)  +  0 . 1 5 

op 


which  was  used  as  the  hoop  tension  1  allure  envelope  in  the  design  procedure. 

6 . 2 . 1 . 3 . 4  BOND 

The  effective  length,  of  bond  for  flat  plates,  J  ,  was  defined  in 

e 

terms  of  both  "f  and  "a"  by 

£  *(£+£»)••  a  D  -  r  1)~  (14) 

e  op  -  op 

Figure  6.2. 1-f)  shows  the  test  data  plotted  versus  the  effective 
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length.  The  solid  line  curve  represents  the  bond  strength  of  the  AF-1.1  (3M 
Corporation)  adhesive  tape,  and  the  dashed  line  curve  shows  the  bond  strength 

for  the  BR-1009-49  tack  primer  (American  Cyanimid  Corporation).  An  algebraic 
equation  was  derived  to  fit  the  AF-311  shear  strength.  The  curve  is  defined  by 


5130 

£  +1.95 

<1  * 


(15) 


where  f  is  the  average  adhesive  shear  stress. 

Tlie  AF-111  adhesive  film  produces  thicker  adhesive  layer  than  the 

BR-1009-49  tack  primer.  It  can  be  shown  (Reference  b,  pp.  10-12,  pp.  75-87)  that 

thicker  adhesive  layer  does  reduce  the  shear  stress  concentration  factor. 

6.2.1. 3. 5  TRANSITION  ZONE 

Two  flat  plate  speciments  were  fabricated  without  the  excess  trans¬ 
verse  fiber  glass  layer  to  study  the  delaminaLion  failure  mode  in  the  thickness 
transition  zone.  The  specimens  did  fail  by  delamination  as  expected,  and  the 
data  were  used  to  establish  allowable  stress  level  in  the  circumferential, 
reinforcing  ring,  design  p-  ire. 

6. 2. 1.4  OPTIMUM  DESIGN 

A  feasible  design  is  one  that  behaves  satisfactorily  under  the 

specified  conditions.  In  general.,  it  is  possible  to  find  more  than  one  feasible 

shir,  joint  design  for  a  given  composite  tube.  If  one  of  the  design  features  is 

taken  as  the  design  objective,  it  is  possible  to  find  a  feasible  design  which  is 

most  favorable  as  judged  by  the  design  objective.  In  the  present  study,  weight 
was  chosen  as  the  design  objective. 

6. 2. 1.4.1  DESIGN  CONSTRAINTS 

A  shim  joint  is  considered  feasible  if  it  satisfies  the  following 
design  constraints: 

1.  Net  section  tension: 
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3.  Hoop  tension 
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4 .  Bond 
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5.  Circ  reinforcing  ring 
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fi.2.1.4.2  OBJECTIVE  FUNCTION 


To  write  the  objective  function,  the  weight  of  each  joint  component 
is  expressed  in  terms  of  the  design  variables: 


1.  Fiber  glass  composite: 

/ 1)  -  D 

0  2  v  2  /  0  i 

w  .  *  (D  2  -  D.2)  L.  -  "  D*  N  - 

wfg  7  0  i  j  2T  op  P  I  2 


c  c  tr 
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■  6. 2,1 A. 3  OPTIMUM  DESIGN 

Now  the  design  problem  may  be  stated  as:  to  find  the  minimum  of 

equation  27  subjected  to  the  condition  of  equations  lb  through  21.  There  are  a 

number  of  directly  applicable  mathematical  methods  for  the  solution  of  this 

type  problem.  The  method  selected  in  this  study  was  the  steepest  descent.  The 

net  attachment  weight  was  taken  as  the  objective  function  and  the  conditions 

equations  16  to  21  were  treated  as  constraints.  Then  the  objective  function  was 
minimized  under  the  constraints. 

The  method  used  is  a  descent  routine.  Starting  with  an  initial 
solution,  steps  are  taken  towards  new  points  at  which  the  value  of  the  objective 
function  is  improved.  The  iteration  process  continues  until  a  minimum  is  reached, 
z  (Reference  b,  p.  95) 

<  The  procedure  described  above  has  been  programmed  in  Fortran  IV  to 
5 

Ui 

<  form  a  basic  optimization  routine.  The  routine  has  been  successfully  used  for 

m-  | 

■flyy..  \  numerous  design  problems.  When  applied  to  the  design  of  shim  joints,  the  input 

5 

*  consists  of; 

O- 

>- 

a  1.  Number  of  design  parameter,  number  of  constraints. 

o 

u. 

"  2.  Limit  of  interative  cycles. 

3.  Initial  step  length. 

4.  Tolerance  range  for  each  constraint. 

5.  Applied  load. 

6.  Tube  geometry. 

7.  Mechanical  properties  of  materials. 

8.  Design  constraints. 

9.  Initial  design  parameters. 

10.  Optimal  information. 

If  allowable  stress  is  expressed  as  a  function  of  design  parameters, 
it  is  convenient  to  incorporate  allowable  stress  expressions  in  the  program. 

\  Tire  program  output  consists  of: 


1.  Design  parameter. 
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2.  Information  concerning  any  violation  of  constraints. 

3.  Direction  of  movement. 

4.  Weight  of  each  shim  joint  component. 

5.  Value  of  the  objective  function. 

The  program  was  executed  on  an  IBM  360/44  computer.  Artificial 
constraints  may  be  added  to  improve  convergence.  For  example,  the  minimum 
practical  values  of  a,  tg  and  t  may  be  treated  as  artificial  constraints.  For 
six  design  variables  and  eleven  constraints  (including  artificial  constraints 
for  convenience)  the  average  running  time  was  five  to  six  minutes.  It  was  observed 
|  that  usually  after  twenty-five  iterations  the  variation  of  objective  function  was 
in  the  order  of  one  thousandth  of  a  pound.  It  was  also  observed  that  different 
sets  of  reasonable  initial  conditions  all  lead  to  practically  identical  objective 
function  and  design  parameters.  For  all  practical  purpose  the  objective  function 
obtained  in  twenty-five  iterations  may  be  taken  as  the  minimum  and  the  corres¬ 
ponding  design  parameters  the  optimum  design. 

6. 2. 1.4. 4  EXAMPLE 

The  optimization  procedure  was  used  to  design  the  tubular  joint  for 
the  final  structural  test  of  this  program.  The  design  allowable  expressions 
obtained  from  the  flat  plate  data  were  used  in  the  constraint  equations  16  through 
21.  The  design  was  performed  with  the  following  parameters  fixed: 
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With  exception  of  (number  of  pins),  the  remaining  design  parameters  were 

allowed  to  vary  in  the  optimization  routine. 

The  routine  does  not  handle  discrete  variables  and  it  was  impractical 

to  treat  N^  as  a  continuous  variable.  To  determine  the  optimum  number  of  pins, 

the  number  of  was  varied  in  consecutive  runs  having  otherwise  identical  input. 

The  resulting  joint  designs  are  shown  in  Table  T.  The  table  includes  both,  a) 
the  weight  added  to  the  basic  tube  by  the  reinforcement  and  pins (obj ecpive  function) 

and  b)  the  total  weight  of  the  joint  section.  The  pins  were  considered  to  be 

hollow  and  made  from  180  ksi  ultimate  tensile  strength  steel. 

The  objective  function  is  plotted  as  a  function  of  in  Figure 

6.2. 1-9.  As  the  plot  indicates,  the  eleven  pin  configuration  is  clearly  the 

optimum  one  for  the  specified  problem. 

6. 2.1. A. 5  EFFICIENCY  OF  THE  SHIM  JOINT  CONCEPT 

A  comparison  can  be  made  by  studying  a  composite  tube  having  shim 

joints  with  tubes  of  other  materials  designed  to  meet  the  same  loading  requirement. 

In  Figure  6.2.1-10  the  weights  of  constant  strength  tubes  have  been  plotted 

versus  tube  length.  The  metal  tubes  are  assumed  to  have  identical  strength  in 
tension  and  compression.  Two  curves  arc  shown  to  reflect  the  different  tensile 

and  compressive  strengths  of  5,0°:1,90°  fiber  glass.  Thin  wall  buckling  and 
column  buckling  are  not  considered.  The  fiber  glass  tube  weights  include  0.7 

pound  to  reflect  the  weight  added  to  both  ends  of  the  tube  by  the  minimum  weight 
eleven  pin  attachment  of  the  previous  section. 

Examination  of  Figure  6.2.1-10  reveals  that  for  design  governed  by 

tensile  strength,  fiber  glass  tubes  are  more  efficient  than  aluminum  for  tube 

length  of  5.0  Inches  or  larger  and  lighter  than  steel  or  titanium  for  tube  lengths 

exceeding  7.5  Inches.  If  compressive  strength  governs  the  tube  design,  fiber 
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glass  is  more  efficient  than  aluminum  for  lengths  greater  than  6.5  inches,  and 

lighter  than  steel  or  titanium  tube  lengths  exceeding  12.0  inches. 

6.2. 1.5  MATERIALS  AND  FABRICATION 

Materials 

The  filament  composite  materials  employed  in  this  study  consisted 
of  AF-994  glass  filaments  and  Shell  Chemical  Company's  58-68R  resin  system. 

The  metal  shin  was  made  of  AM-335  steel  coil,  eight  inches  wide, 

0.02  inch  thick,  and  or  continuous  length.  The  shim  cleaning  procedure  employed 

was  originally  developed  and  reported  in  Reference  e. 

The  bond  between  the  corrosion  resistant  steel  shims  and  the  filament 

composite  material  was  provided  by  a  structural  adhesive.  Two  types  of  adhesives 

were  evaluated.  The  first  was  BR--10Q9-49  tack  primer  as  supplied  by  the  American 

Cyanimid  Corporation,  and  the  second  was  AF-111  structural  adhesive  fiber  furnished 

by  the  3M  Corporation.  BR-1009-49  tack  primer  was  utilized  during  the  early  phase 

of  the  program.  A  primer  coating  of  uniform  thickness  of  approximately  0.005  inch 

was  obtained,  and  was  oven  cured  for  60  minutes  at  313"F.  AF-lil  structural  film 
was  utilized  during  the  later  phase  of  the  program.  The  adhesive  film  was  applied 

to  the  steel  shim  and  stored  at  40°F  until  ready  for  use. 

Holes  were  drilled  through  the  fiber-resin-shim-composite  to  permit 
insertion  of  shear  pins.  Curbide-ti pped  or  full  carbide  drills  were  used.  Holes 

larger  than  0.250  inch  diameter  can  be  drilled  in  successive  steps  of  approximately 

f 

0.37  5  inch  diameter  increase  per  step.  '  ’ 

6.2. 1.5.1  FLAT  PLATE  SPECIMENS 

The  flat  plate  filament  composite  specimens  utilized  in  this  program 
were  specially  wound  on  a  winding  machine.  The  test  specimens  were  wound  over 
twelve-inch  by  two-inch  aluminum  mandrels. 
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(JuiJo  blocks  wore  provided  on  one  one!  of  the  mandrels  to  facilitate 

locating  thu  metal  shims  as  they  wore  wound  into  the  ends  of  the  specimens.  Two 
specimens  were  wound  simultaneously  by  utilising  both  sides  of  the  mandrel.  The 
wrapped  mandrels  were  then  cured  for  four  hours  at  350aF.  The  specimens  were 

removed  from  the  mandrel  by  cutting  the  glass  composite  along  the  edges  with  a  high 
Speed  cutting  disk.  The  sides  and  ends  were  trimmed  with  a  hand  saw  and  flat  plate 

disk  aander. 

6.2.i‘.s.2  Tuiuis 

Open  end  cylinders  were  fabricated  two  at  a  Lime  by  winding  a  double 
length  cylinder  and  Chen  cutting  It  into  two  cylinders.  The  cylinders  were  wound 

over  mandrels  machined  from  salt  block  which  was  later  removed  by  dissolving  in  hot 
water,  Thin  corrosion  resistant  steel  shims,  in  the  form  of  narrow  circumferential 
bands,  were  wound  into  the  cylinders  on  each  side  of  the  planned  cut  which  would 
separate,  the  two  cylinders.  Subsequent  to  removal  of  the  salt  mandrel,  a  circum¬ 
ferential  row  of  holes  was  drilled  through  the  wall  of  each  cylinder  in  the  shim 
area  for  later  insertion  of  shear  pins. 
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6.2. 1.6.1  TEST  FIXTURES 

Ultimate  strength  testing  of  the  final  tubular  joint  design  required 

the  fabrication  of  two  separate  test  fixtures.  One  fixture  ia  a  clevis-type 
which  mates  with  the  reinforced  attachment  area  of  the  tube  to  form  the  pin  joint. 

The  fixture  was  fabricated  in  two  pieces  to  avoid  the  expensive  machining  which 

would  he  required  by  a  monolithic  assembly.  The  two  pieces  were  held  tightly 

together  by  a  nut  during  drilling  of  the  pin  holes.  The  nut  was  used  to  insure  that 

equal  loads  would  be  applied  to  the  pins  on  the  inside  and  outside  diameter  of  the 

tube . 


The  second  test  fixture  (Reference  b,  pp  97-100)  held  the  opposite 

end  of  the  tubular  specimen  which  was  reinforced  only  by  four  additional  layers  of 
filament  material.  The  fixture  employed  a  friction  gripping  technique.  A  schematic 
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of  the  fixture  is  shown  in  Figure  6.2.1-11. 

6. 2. 1.6. 2  TENSION  TEST  OF  TUBULAR  JOINT 

A  3.0  inch  outside  diameter  tube  was  fabricated  with  steel  reinforcedend  to  test 
the  shim  joint  concept  in  a  full  scale  structural  member.  The  test  specimen  was 
designed  to  fall  in  the  attachment  area  since  the  program  is  oriented  to 
ment  of  shim  joint  design  technology.  The  basic,  tube  was  fabricated  with  a  5,Oc: 
1,90®  wrap  pattern  to  a  wall  thickness  of  0.072  inches.  The  ultimate  tensile  load 
for  the  tube  was  found  to  be  150  kips  (Reference  c,  pp  2-19).  The  specimen  was 

loaded  in  an  Olsen  Machine  to  an  ultimate  tension  load  of  135.5  kips.  Fracture 

occurred  in  the  outer  fiber  glass  layer  at  the  edge  of  the  outside  shim.  It  is 

felt  that  both  the  test  fixtures  and  the  shim  joint  did  perform  well. 

6. 2.1.6. 3  COMPRESSION  TEST  OF  TUBULAR  JOINT 

The  tension  clevis  fixture  and  the  jacket  of  the  friction  grip  fixture 
was  used  to  conduct  the  compression  test.  A  cerrobend  plug  was  cast  to  reinforce 

the  inside  diameter  of  the  nonreinf orced  tube  end.  The  test  specimen  was  identical 
to  the  tension  specimen.  The  ultimate  compressive  load  for  the  tube  was  fouhd 
to  be  about  51.0  kips.  The  attachment  area  suffered  no  discernible  damage. 

6.2.1. 7  CONCLUSIONS 

The  following  conclusions  may  be  made: 

1.  Design  parameters  can  be  optimised  conveniently  by  the  structural 
synthesis  approach  in  determining  the  minimum  weight  configuration. 

2.  The  shin  joint  concept  can  be  successfully  appiied  to  composite 
members  without  prohibitive  attachment  weight  penalties. 
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7*0  JOINT  CONSIDERATIONS  FOR  REDUCED  SCALE  MODEL  VEHICLES 

7.1  The  use  of  scale  model  replicas  for  vehicle  structural  dynamic*  studies 

can  provide  the  designer  with  valuable  information  on  proposed  designs  early  JLn 
their  development  cycle.  3y  tneir  use,  structural  modifications  and  payload 
cnanges  can  be  avaruated  without  expensive  full-scale  construction  and  testing, 
particularly  for  the  large,  complex  vehicle. 

This  Section  discusses  the  i/lo  scale  structural  replica  of  the  Apollo/ 
Saturn  V  and  is  intended  to  provide  dseigners  with  aome  insight  to  the  compromises 
which  can  dictate  deviations  from  t us  replica  reproduction  lathe  area  of  missile 
joints. 

The  decision  to  provide  a  scaled-down  replica  of  the  prototype  joint, 
or  to  simulate  it  by  its  dynamic  and  dampening  equivalent  is  dictated  by  the 
following  considerations : 

|  a.  Present  fabrication  practices  and  limitation* . 

b.  Access  requirements  unique  to  the  model. 

c.  Assembly  problems  created  iy  the  size  reduction. 

do  Requirement  for  equivalent  dynamic  properties . 

e.  Fabrication  properties  of  alternative  alloys. 

f.  Size  of  scaled-down  fastener  components. 

6-  Economic  alternatives  of  simulation  va  scale  duplication  of  the 
joint . 

7  ..1,1  Structural  Joints 

7.1.2  The  Joint  illustration  in  Figure  Tdl-1  is  typical  of  a  design  vari¬ 
ation  required  to  permit  assembly  of  the  structural  components.  Tills  Joint  depicts 
the  S-IV-B  af o - uulkhead-cominon -bulkhead  Joint.  In  full  scale  (Figure  T.lJL-la^ 
the  fabrication  is  by  rivet3  and  wel:ls„  The  l/l)  scale  model  permits  the  final 
closure  to  be  effected  externally.  Tlie  bulkhead  structure  near  the  joint  was 
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7.1,2  (Continued) 

locally  modified  by  adding  a  relatively  heavy  adapter  ring  to  which  the  bulkhead 
was  riveted*  This  ring  was  then  bolted  to  the  akin  from  the  outside  and  a  bead 
of  sealant  compound  applied  at  the  intersection,  of  the  common  bulkhead  and  the 
LHg  tank  vail.  The  resultant  joint  therefore,  i3  not  a  true  representation  of 
the  full-scale  component. 

7*1.3  An  indication  of  the  degree  to  which  the  prototype  is  duplicated  i3 
indicated  by  examination  of  the  joints  of  Figure  7 . 1 .  i» 2  The  location  of  the 
joints  detailed  in  this  Figure  is  shown  on  Figure  7.1.3-1  by  the  lettered  circles 
on  the  left  side  of  the  model  drawing.  The  joints  of  Figure  7. 1*3-2  carry  corre¬ 
sponding  letter  identifications* 

7. 1*3.1  Figure  7. 1.3 -2a  is  the  Junction  cf  the  S-IC  fuel  tank  and  the  interbank 
section.  The  fuel-tank  upper  bulkhead,  the  fuel  tank  rail,  and  the  interbank 
section  are  Joined  by  a  Y -ring  assembly.  There  exists  a  deviation  from  replica 
scaling  in  tliat  one  leg  of  the  Y -ring  is  attached  by  a  bolted  flange  to  allow 
access  to  the  interbank  interior  area:; .  The  interbank  .’-ring  connection  is  an 
unu3ual  joint,  made  necessary  by  the  complex  corrugate*  interbank  skin,  and  con¬ 
sists  of  channeled  -trips  attached  alternately  to  the  inside  and  outside  surfaces 
of  the  Y-ring  leg  from  the  corrugated  intertank  surface. 

A  similar  joint  (Figure  7.1«3-2b)  is  used  at  the  intersection  of  the 
lower  LOX  tank-tulkhea 1-LOX-tank-wuil  and  intertauk  structure.  This  joint,  however 
is  closed  by  a  weld  rather  tlian  by  the  bolted  flange  connection.  At  the  Junction 
of  the  S-IC  ~JQy.  tank  upper  Lulkhead  and  tank-rail-  forward-skirt  interface  3ho.m 
in  Figure  7*l»3-2c,  a  variation  was  utilized  in  the  model  structure.  In  order 
to  complete  the  final  weld  in  the  Joint,  the  Y-ring  was  fabricated  in  two  pieces 
and  the  shorter  leg  was  spotwe.lded  to  the  locally  tnickened  forward-skirt  akin* 

The  closure  was  then  effected  by  an  external  weld.  The  resultant  hardware  has  the 
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7. 1.3- 1  (Continued) 

same  basic  dimensional  properties  as  vould  liave  resulted  from  direct  geuraetriu 

scaling. 

7.1. 3- 2  The  model  Joints  shown  in  Figures  7*1 >3 -2d  and  cure  scaled  dup¬ 

licates  of  prototype  Joints  with  the  exception  that  the  number  of  fasteners  used 
in  the  model  is  less  than  the  number  required  onthe  prototype.  The  Fasteners 
however,  are  sized  30  that  the  total  fastener  area  'was  a  s cal' d  quantity.  The 
application  of  replica  scaling  tc  the  Joint  of  7.1„N-2d  was  Judged  to  be  the 
meet  expedient  approach  since  considerable  engineering  time  would  have  'seen  re¬ 
quired  to  properly  design  a  more  easily  manufactured  connection  with  conparable 
dynamic  propex’ties.  Further,  the  scaling  laws  applicable  to  a  Joint  of  this  type 
are  not  sufficiently  defined  to  permit  evaluation  of  any  alternate  design,  parti¬ 
cularly'  the  effect  of  the  pinned -truss  ring  frame  traces. 

7* 1.3-3  The  remaining  structural  Joints  of  Figures  7-l*3"2n  through  7.1*3-21 
are  essentially  scaled  duplicates  of  the  full-scale  structure  except  for  deviations 
in  ring-frame  and  bulkhead  construction  dictated  by  fabrication  time  and  cost 
considerations.  The  alternative  leaign  approach  permitted  the  use  of  manufacturing 
procedures  which  produced  geometricailj  similar  structural  components  with  fever 
and  less  intricate  machine  processes.  The  resultant  structures  liave  the  same 
st.ructural  dynamic  properties  as  the  more  complex  exact  rainiturizations  of  the 
full  scale  structure. 

7.2  Fabrication  Problems 

7.2.1  Other  fabrication  problems,  not  classified  as  design  deviations,  include 
machining  proco3ses,  metal  forming  oroce cures,  machine  and  chemical  milling 
tolerances,  fastening  methods,  and  welding  techniques.  Not  only  can  the  solution 
of  these  problems  dictate  the  degree  tc  widen  a  given  launch  vehicle  car:  be  repro¬ 
duced  to  a  specified  reduced  scale,  but  they  also  can  be  significant  factors  in 
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7.8.1  (Continued) 

establishing  the  economic  feasibility  of  acquiring  a  dynamic  nodal  such  a a  the 
1/10  seal#  Apt'1 Vo /Saturn  V.  If  tha  resulting  fabrication  limitations  art  practi¬ 
cal,  it  may  be  possible  to  duplicate  tha  full-scale  structure  at  a  predetermined 
reduced  si  as  at  leas  cost  than  would  be  needed  to  simulate  the  structure  by  e»- 
ploying  corresponding  expensive  engineering  time. 

A  factor  found  to  be  beneficial  for  fabricating  the  model  joints  included 
methods  employed  to  make  the  required  assembly  attachments.  The  full-scale 
Joints  were  fabricated  with  appropriate  weldments,  bolts,  nuts  and  rivets. 
Obviously  tha  components  of  the  smaller  model  must  be  assembled  by  other  methods 
because  of  the  impracticability  of  tha  reduced  scale  attachment  hardware.  There 
must  be  a  compromise  both  in  type  and  the  number  of  simulated  fasteners.  Also, 

It  is  generally  accepted  that  whenever  an  effort  iB  made  to  approximate  the 
structural  dynamic  properties  of  a  complex  structure,  the  detail  deeign  of  the 
Joint*  and  attachment  hardware  should  be  conservative  with  a  resulting  excess¬ 
ively  atlfr  coni  pen  aul  "<nce  any  effort  to  scale  directly  the  eixe  and  number  of 
bolts  and  rivet*  would  be  Impractical  both  from  a  manufacturing  and  assembly 
viewpoint. 

In  addition,  although  it  is  true  tnat  these  can  be  some  conservative  dis¬ 
tortion  of  the  .Joint  stiffness  properties,  there  cm  be  little  hope  of  achieving 
any  degree  of  sucT'esn  in  reproducing  dtsired  damping  characteristics  vbon  rivets 
and  bolts  are  replaced  by  spot  velds.  Generally,  bolted  Joints  can  be  repre¬ 
sented  by  using  convenient,  commercial 1  y  available  fasteners,  such  as  Cl  80 
screws,  a  lesser  number  of  fasteners  being  Uuod,  the  number  of  which  is  determined 
from  the  correctly  scaled  fastener  area.  This  design  approximates  the  proper 
stiffness  and  damp  lug. 
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?.3  Conolug Iona 

7>3«1  Replica  scaling  of  the  walvi  load  carrying  structural  Joints,  yhich 
together  with  other  structural  ccapus^nta  necessitated  an  extension  of  the 
state-of-the-art  in  fabrication  techniques,  was  employed  and  resulted  in  a  model 
which  duplicates  the  full-scale  structure  to  a  high  degree.  Extreme  full  scale 
design  details,  such  as  Joint  reproduction,  were  duplicated  In  the  fabrication 
of  the  1/10  scale  model. 

A  careful  analysis  of  the  prototype  structural  details  was  required 
to  ascertain  the  practical  and  economic  feasibility  of  duplicating  component 
hardware  to  the  chosen  scale  factor.  Where  model  Joint  design  dictated  Bizes 
too  small  to  be  duplicated,  an  acceptable  design  required  that  only  the  correct 
mass  and  stiffness  distributions  be  retained  in  the  model.  Some  Joints  could 
not  be  adequately  defined  by  the  most  rigorous  present-day  dimensional  analysis 
and  therefore  were  built  as  scaled  duplicates  of  the  Tull  scale  members.  If 
the  Joints  were  of  secondary  importance  from  a  dynamic  viewpoint,  they  were  a 
scaled  replica  because  they  required  less  expenditure  of  effort  with  duplicate 
fabrication  than  with  dynamic  simulation.  All  substitutions  were  carefully 
considered,  however,  lest  their  inclusion  degrade  the  usefulness  of  the  total 
structure  through  either  introduction  of  misleading  response  data  or  the 
suppression  of  critical  responses. 

With  proper  care  in  the  selection  of  the  scale  factor  and  methods  of 
manufacture  and  with  judicious  evaluation  of  deviations  from  direct  scaled  dup¬ 
lication,  the  replica  modeln  are  considered  technically  and  economically  feasible 
for  studios  of  the  structural  dynamic  characteristics  of  large  complex  vehicles. 


An  in-depth  deccription  of  the  project  is  available  in  Reference  ft  , 
from  wuiofc  We  Information  presented  herein  was  t«r*iv«d. 
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WERKNCES 


1.  D2-H165  -  Structural  Development  Note  #9  -  Sandwich  Material,  Rev.  3-31-5$ 

Presents  design  criteria  and  allowables  for  structural  design 
sund  stress  analysis  of  sandwich  components  for  aircraft  application. 
Provides  background  in  tills  type  of  construction  for  designers. 

2.  NASA  TN  D-**138  -  Design  and  Fabrication  Considerations  for  s  1/10  -  Scale 
(ASTIC  05606?) 

Replica  Model  of  the  Appolo/Saturn  V. 
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8.0  DOCWMJT  OPTION  FOR  FOTURB  WORK 

d.I  Originally  planned  at  a  one  year  effort,  the  joint  study  was  reduced  by 

•lx  months  due  to  budgetary  and  manpower  requirements.  While  .It  Is  recognised 
that  a  great  deal  store  Information  might  be  Included  In  this  document,  It  In  felt 
that  In  lta  present  fora  It  provides  a  useful  tool  to  the  designer  faced  with  the 
pnoblem  of  missile  or  space  vehicle  Joint  design. 

Should  e  decision  be  forecoming  to  continue  the  effort,  the  immediate 
direction  taken  will  be  to  Investigate  raceway  and  other  non -structural  Joints. 
Follow-on  effort  will  be  a  report  on  the  latest  state-of-the-srt  in  Joint  design 

f 

;  concepts,  missile  carrier  interface  joints.  Joint  fastener  hardware,  plumbing  and 
electrical  Joint  interfaces  and  recent  advances  in  materials  and  process  technology 
as  app^l led  to  missile  Joints. 
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REVISIONS 


,  DESCRIPTION 


Ranusbered  sheets  and  md*  the  ffollowlag  changes  to 
accomplish  a  complete  revision; 

Revised  sheets:  2.  4,  6 ,  13,  20,  21,  25,  26,  27,  29,  31, 
3S  35,  36,  41,  44,  62,  63,  69,  75,  77,15 
83,  87,  91  thru  102,  10J,  104,  107,  109, 
113,  115,  117,  119,  184  7  ,  6  ,  30,  40,  118 

Addad  new  sheets;  9,  10,  11,  12,  14,  16,  17,  18,  19,  22, 

23,  24,  39,  45  thru  58 
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